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a - F X ^ ;V a . 1 , 3 - 3 - F y 7" P tf a . 2 , 
. 1, 2, 3-F'J3-F7°Pli°;l/a. 7 ^ J ^'^ll^A. l-75/x^;Va, 2-75 
/x^;Va. 2-75y-Yy7f-;l/a. 1, 2-i>'75/x^;l.a, l, 3-v>'75y^ 

y7°Ptf;i/a. 2. 3-i^75y-t-y'^;va. 1, 2. 3-hU75y7Pii°;pas 
iy7y^f-;va. i->'7yxg^;i/a> 2 - 5/ 77x9^ ;^ a. 2->'7/-i'yy9";v», 
1 , 2 - 5/ 7 y X ^ ;i/ a , 1 , 3 - ~> 7 y V 7 p /i/ a ^ 2 . 3 - 7 y - t - 

7^;l/». 1. 2, 3 - hU i^7y 7Pif;l/»^ X Fp^^;l/a, 1 - - f n xf-zPS. 

2- xFPx^;l/S, 2-xFD^'y7^;l/a> l. 2-i^xFpxg^;l/S, i, 3-J>' 
xFP'l'y7Pt:';l/a^ 2, 3-i''xFD-t-7f-;l'a> 1, 2, 3-FUxFp7p 20 
t; ;!/ a . p 7 p ti° ;V a s ^ p 7 f - ;V a , n y g^- ;l/ a . p ^ /i/ a , 4 

^;l/>' ^ p-N4^~y;l/a> i - 7 ^'v >'^;va> 2 -75fvy^;l/a> 1 -y -'l/jJ^'^Vx 

;v a . 2 - y ;b X ;b a ^ ^ If 5> n ^ o 

[ 0 0 3 4 ] 

ilj^fcL<(J:*^Bi50K^|Stl~5 0(D7;l'n4^i/aa-OY'T?«$n§a-e$ii?^ YC 
^Ji^LTti. ^9^;va> xg^;i/a. 7Pif;l'a> ^'y7Pl^;^a^ n-7f-;va^ s-7 
^/l/Ss i'y7^;l'a^ t-7f^;l'a> n-'^y^;l'8, n -■^4^->';l/a, n-'-v7f-;l/ 
a, n-^d-^'^^l'S. tFa^'>^^;ua, l-t:KP*i^xf-;l/a, 2-v;FP + i/x 

f - ;i/ a . 2 - 1 F n + y 7 ^ ;v a . 1 . 2 - t F p + X ^ ;i/ a , 1 , 3 - t F 

ti^ly Vfn\ij\^m. 2, 3 -S^"t: FP + e^- t -7^;l/a> l. 2. 3 - F U t: F p 30 

4^i/7Pt^;l/a^ ^ppyf-;l/a. i-^ppxf-;l/8. 2-^'PPxf-;i/a, 2-^'P 

p -f y 7 f - ;b a ^ 1 , 2 - ~y ^ p P X ^ ;i/ a > i , 3 - p p -f y 7 p t; /i^ a , 2 , 3 

-i;^Dn-t-7^;l/a. 1, 2, 3-FU^PP7Pb°;l/as 7P^;^g^;b8, 1- 
7P^xg^;l/a. 2--7P*xf-;L/a. 2-7Pt-i'y7f-;l/a. 1, 2->>"7Ptxf- 

;v a . 1 , 3 - i>' 7 p ^ -Y y 7 P tf ;v a , 2 , 3 - >>■ 7 p ^ - t - 7 a > 1 , 2 , 3 

-FU7P^:7Pti°;l/a. 3-F>«f•^^a^ l-3-Fxg^;l/a> 2-3-Fxg^;l/a> 
2 - 3 - F^ y 75^;ua, 1, 2 -$^3- Fx^^l-S, 1. 3 -i^3- F^'y 7p e;l/a 
. 2, 3 -i^3- F- t -7g^;l'», 1.2. 3 - F U 3 - F 7p tf ;l/a, 7 5y^<^;l/ 

a. i-75yx^;i/as 2-75yx^;i/a, 2 - 7 s y -r y 7f-;i^as 1. 2-i^7 
5yx^;i/a. 1, 3-i'•75y■^'y7pv^;^a^ 2. 3-5^*75y-t-7f-;i'a, 1 40 
, 2. 3 - F u 7 5 y 7p tf;i/a. 5/7y^^;i'as i-'>7yx^;va. 2-j/7yx 
9=-;va> 2 - ;/ 7 y -Y y7'^;^a. 1, 2 - v^v- 7 y x f-;v8^ 1, 3 - -7 7 y y 7 
p If ;i/ a , 2 , 3 - -7 ~y 7 y - t - 7 f - a . 1 , 2 . 3 - f u 7 y 7 p tf a , x f 

p^f-yl/a. i-xFPx^;Va. 2-xFPX^;l/a. 2 - x F p 7 7 ;1/ a > 1, 
2-J>\r.FPX^;l/a> 1. 3-S^"xFP-Yy7Ptf/l/a, 2, 3-'7xFP-t-79" 

/i^a. 1, 2, 3-F'jxFP7pif;i'a^A^^if6n?)o 

[ 0 0 3 5 ] 

■ ^fe L < titeg^oj^^lSj 1 ~ 5 0 ©7^;l'^;vacDfyi: LT(±. -^>iy";i.a, 1-7 
xx;l/xg^;l/as 2-7xx;l/X9^;l/a^ l-7ix;l/'i'y7Ptf;Pa. 2-7xx;l/-i' 
y7Plf;l'as 7 xx;l/- t -7g^;l/a, a - 7 >f 9^;Pa. 1 - a - 7 f^/bx f- 50 
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p U ;V ;^ f - ;V S , 2 - ( i - tf p U ;l/ ) x f - ;b K , p - 9^ ;P ^ y i^' ;l/ S . m -- f- ^ 
y ;l/ S , o - / 9^ > ;!/ S , p — d d y i/ ;1/ S . m - p p > i^' ;V ^ o — 
p n ^ y i^' a , p - 7 p * y >'l' S > m - 7 p > v'" -'i^ S > o - 7' p ^ > ;V 
p - 3 - F'^y m-3~ h'^yi^Jl'S. o -3- F'^^^^^va, p-hFP 

m-t:FP^i^'^>'>^;l'S> o - a V t3 ^z/^y i;^ p - 7 s. / < 

m-757"^>'i^;l'S, o-75y'^>'v'*;Va> p-r.FP^y>>';l/S. m- 

-FP'^yi^;i/a, o--hP'^yi;;i/a, p-'>'7y'^:yi';i/S, m-iy7 y ^yi^jv 
o - yr y ^yi^ i-tFp^>'-2-7x-;i/'i'y7pi^>'i'S> i-^^np 

- 2 - 7 X X ;1/ ^ y 7 P k° ;!/ a ^ # If P, n i. o 
[ 0 0 3 6 ] 

B^^ti b < fitefifl^Ol^lM?^ 5 ~ 5 0<D7 U -^L^^v'Sa- 0 Y • Y' £D 

m t LX ity J. l--t7f-;l'as 2-■:^79^;^S^ l-7>'h'J;l/S. 2-7y 

h V 9 - 7y h V )vm. I - y xi- y h V ji^m. z - y jL-f y h v )im. 3 - y x 
i-y V V 4 - y xt y h V /vm. 9 - y xty h V i-i-y^^=-j\^m. 2 

-:^7^f■trx;l/a, 9-:J-7^f-lrx;VS, l-lfPx;va. 2-t?lxx;l/a, 
;l'a, 2-tr7xx;l/-r;l/S^ 3-lf7xx;l/-f;l/a, 4-t:7xx;l/-i';l/S> p-^- 
7xx;P-4-'f';l/a, p-^t-7xx;V-3--l';l/». p-:52-7xx;l/-2-'1';l'S 
. m-^?-7xx;b-4--^;^a^ m-'S'-yx-)U-3-4^lM.. m-^ — yx— ^\y- 
2 - ^ )\y & . o-FU;Va, m-FU;l/a> p-FU/l^a, p-t-7f•;^7xx;^a. 
p - (2-7xx;l/7Pti°;l/) 7xx;l/as 3-^'^;l-Z-±y^^vm. 4-;^g=-;V- 
l-'t7f-;va, 4-;?<f-;b-i-7>F'J;l/a^ 4' -><g^;btd'7xx;i/-Y;Pav 4" 

-t-79';i'-p-^-7xx;i/-4-'f';i/a. 2-tfp'j;i/as s-tfpij^i/a^ t;^ 

J?x;l/S, 2 - U ^:^x;l/a, 3 - 'J x ;ua , 4 - U i>' x ;l/ a . 2-^yFU;l'a 

. 3 y 4 - 1' y f 'J ;i/ a , 5 - y F 'J a . 6 - -< y F u ;i/ a , 7 - -f 

yK';;i/»^ 1 --r y y F 'J ;i/a, 3 - ^ y ^' :^ F U ;i'a, 4 - y ^ y F U ;i/S. 5 
-'T y-r y F 'J ;i/S. 6 -^r y > f u ;vs. 7 y-r > f u /I'S. 2-7'j/i'as 3 

-7U;Va^ 2-'^y7 77x;l/S, 3-'^y7 7^x;l/a, 4-'^y7 79x;l/a> 5 
-•-^y7 75x;l/a. 6-^y7 7^x;L'a> 7-'^y7 77X ;V » . 1 - -f 7 y 7 7 
^ X ;!/ a , 3 - ^' y ^ y 7 7 ^ X ;l/ a , 4 - 7 y 7 7 ^ x ;!/ a , 5 - -Y y y 7 7 ^ 
x;l/a, 6 - y y 77 ^ X ;L/a. 7 - ^ y y 7 7 -7 x a . 2 -^7 3- 

^7U;i'a. 4- + yu;i/a> 5- + /u;i/a. e-^/u^i^a^ 7-^7u;i'a> s- 
4^ 7 u ;b a . 1 - 7 * / u ;b a . 3 - -Y y 4^ 7 u ;v a . 4 - -< y ^ 7 u ;v a , 5 - y 
4i/u;i/a. 6--Yy4^7U;i'a. 7--i'y^7U;vas s --^ y v )im. 2 - ^ / 

4^-9-Ux;l/a, 5 -4^ 7 ^-y- U x;l/S, 6-^/^'^V=-}VM. 1 - 7 U ;VSs 2 

-*;l//^7y ;l'as 3 -;b;l//'?7'; 4 - 7 U ;V S, i - 7 x y 7. U -7 x ;V 

a. 2-7xtyX'J~7x;l/a, 3-7x't>'X'J~7x;l/S, 4-7x-?-yXU'7x;l/a 
. 6-7x■:^yX';v^'x;l/a^ 7-7x-:>-yXU-7x;l/a, 8-7x•:^y7.l;^^x;l/a, 
9-7x^yXUi>"x;va. lO-7x:hyXUi^x;l/a. 1-77 'J i^x;!/*, 2-7 
^7Ui>~x;l/a> 3 - 7 ^.U i^x;ba. 4 - 7 7 'J 5>' x ;V * . 9 - 7 U >>' x ;V a . 1, 7 

-7x^yxpyy-2-'i';i/a, i, 7-7x-tyxp'jy-3-^;i'a> i, 7-7 

x^yXPUy-4-^;Pa. l, 7-7x-:f-yXPUy-5-^;Va. l, 7-7x^ 

yxpuy-6--i';i/S, 1, 7-7x-^yxpuy-8-^;i/as i, 7-7x■:^yx 
pijy-9-'i';i/a. 1, 7-7x±yxp'Jy-io-^';l/a, i, 8-7xtyxp 
uy-2--Y;va> 1. 8-7x-tyxpuy-3-'i';i'a. i, 8-7x-^yxpuy 

- 4 - )]/&■. 1. 8-7x•:^yxpUy-5-'1';l'as 1, 8-7x-^yxp'jy-6 

1, 8-7x■^-yxpuy-7-'1';^a^ i, 8-7x-^-yxp';>'-9--r 

jvm. 1, 8-7xf-yXPUy-10--l';Vas l. 9-7x-:hyXPUy-2-'l';l' 
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1, 9-7I:^yxauy-3--1';^S, i, 9-7x-^-yxnUy-4--i';l'S. 

1, B-ys.-ryT.nvy-s-^fim. i, 9-7x-fyxPU>'-6--i';i'*. i, 

9-yxi-y7.tiVy-7--f/im. l, 9-7x-t>'XnU>'-8-'l';l'Ss 1, 9- 

7 jii- y V y - I 0 - ^ ^im, 1, io-7x-?-yxpU>'-2--<;l/S. i, lo 
-y X i- y 7.0 V y - 3 - ^ ji'm. l, 10-7x-^-y7.PU>'-4--i'/'Va. 1, 10 

-yx.±y7.uvy-5-4)vm. 2, 9-7x■:^yx^uy-l-^;^Ss 2, 9-7 
x•:^yxBy>'-3-'1';^s. 2, 9-7x-t>'XP';y-4-i';va. 2, 9-7xf- 

yXPU>'-5-^';l'a, 2, 9-7x-^->XPU>'-6--Y;bS. 2, 9-7x■:^yX 
PUy-7-'l';l'S, 2, 9-7xf->'XP'jy-8-'l';l'S^ 2, 9-7x-t>'7,PU 

y-io--i';vs> 2, 8-7x-t>'XP';>'-i-'r';i/it, 2. 8-7x-^>'7.p';>' 

-3--l';l/S. 2, 8-7x-t>'XP'J>'-4-'l';l'Ss 2, 8-7x-t>'XP'Jy-5 
--f;!/*, 2, 8-7x-f>'XPU>-6-^;l/». 2, 8-7x-^>'XPUy-7-'l' 
2, 8-7x'tyXPiJ>'-9--r;VSs 2, 8-7x■:^>'XPUy7lO--1';^ 
a. 2, 7-7x-^yXPU>'-l--l';l/S^ 2, 7 - 7 X :^ y X P U - 3 - -f ;Va. 

2, 7-7x-f>XPUy-4-'i';i/a. 2. 7-7x-fyxP'jy-5-'i';pa, 2, 
7-7x'tyxPUy-6-'Y;i/a. 2, 7-7x-^-yxpuy-8--r;i'». 2, 7- 
7xtyxPUy-9-^;l/a, 2, 7-7xtyxpyy-io--i';i/a, i-7xt 
i;?-;vm. 2 -7 X -^-i^-;!/*, 1 - 7 X / ^7 2 -7x7 ^re^-zi/S. 3 

- 7 X / f-7 4 -7x/^7'y^;l/a, 1 -7 X /^•tJ--yr:;I/», 2-7x7 

3 - 7 X 7 4 -7 X 7 ^-y-i^^/i/S. 2 -:t^+f-y U 

, 4 -:t ^-y-yj ;i^S, 5 -:t:^^-9-y'J 2 -;i- + -9-i^"7 'J 5-:i-*-9-^^7 

y'U;VS> 3-75-9'-;VS, 2-f-x-;l/S. 3-^x:i;l/S. 2 - ^ f- ;l/ if n - - 
2-y^=^)l\:^u-)l-3--^;Vm. 2-/^;Vtfp-;l'-4--<;l'S, 2- 
p<f-;H£p-;b-5-'r;l'a. 3->{f-;btfp-;l/-l--r;I/a. 3-;^^;l/tfP-;l/- 
2_^;i.a^ 3-;'«5'yl'tfP-;b--4-'i';l/Ss 3-/<f-;l/tfP";P-5-'i';l/Ss 2- 
t - 7 tf p - ;b - 4 - ;V a . 3 - ( 2 - 7 x ;i/ 7 p t; ;l/ ) tf p - ;b - 1 - -f ;V a 
, 2-^f-;i/-i-'i'yF';;bS> 4-^9'-;i'-i--fyKy;VS, 2-^^;l/-3-'f 
yKU;P». 4 3 y F u ^i'*, 2 - t - ^^^^i/ 1 - y F u ;ba. 4-t 
-7f-;i'i-i'yF'J;i'a, 2-t-79';^3-^'yF'J;^S^ 4-t-7f-;i/3-i'y 
F u ;!/ » ^ * 6 n S o 

[ 0 0 3 7 ] 

iS L < a Ire E « « S Hi ? i( 5 ~ 5 0 CO 7 - ^ ;t S (i - S Y " t « ^ tl ^ Y " O <?ij 
ilLT(i7x::^;l/S, l--^-7f-/l'a. 2-f-7f-;l'S. l-7yFU;l'S. 2-7yF 
U;!/*. 9-7yFU;!/S, l-7x-?-yF';;l'S, 2-7x:^y^';;^S. 3-7x':^ 
yhUyVS, 4-7x-tyFy;b*^ 9-7x-;^yFi;;bS, l-f-7^?-b::i;l'S. 2- 
■^7^-fe::i;ya^ 9--^-7^f-lZ-;l/a. 1 2 -\i\y=-)\^m. 4 -}£U=.)V 

Z - \£7 x-)l^-f ?]ym. 3 - li: 7 x-;H';VS, 4 - If 7 x ^ ;l/ ^ ;P S . p-^-7 
X - 4 --r;l'S, p -^-7x::i;l/- 3 p - ^ - 7 j: =■ ;l - 2 - ;V A . 

m-^f-7xr.;U-4-/r;l'S. m-^f-7x-;l/-3--Y;l/as m-^-7xr.;l/-2 
-f;!/*, o-F'J;l/S. m-F p-FU^VS, p-t-7f-/l'7x-;l'a, p 

- (2-7x:i;l/7'pif;l') 7x-;l/S^ 3-;<f-;V-2--^7g^;l'a> 4-?<g^;l'-i 
-i-7 ^nm. A - I - r y h V ?i^m. 4' -^9^;ve7xr:;l/-r';l'a. 4" - 
t - 7 f - - p - ^ - 7 X ;b - 4 - ^l' a ^ 2 - If P U a . 3 - k° P U /b S . If ^ y~ 
=.?Vm. 2 - \£ V :^ ^Vm. 3 - b° U i>' r. ;l/ a . 4 - tf U y~ ;P * s 2 - y F U ;V a , 

3 - -1' y F u ;b a , 4 - -Y y F u ;v a > 5 - -r y f u a . 6 - -f y f u ;v a , 7 - -f y 
F u ;b a . 1 - -f y -Y y • F u a . 3 - -r y -< y f u ;b a ^ 4 - v y f u a . 5 - 
•Y y -Y y F u ;i/ a . 6 - -< y -Y y F u ;!/ a . 7 - v y f u /i/ a , 2 - 7 u a . 3 - 
7Vfim. 2 -<y y7 5~;^a^ 3 --<y y'7 7-;ba, 4 --^ y y7 ^-^va, 5- 
'^yy7^^;i'a^ 6 --<y97 y=-)vm. 7-^yV7^-jum. i-^y-^yyy^ 
r:;i/a. 3 y ^y yy v^;va. 4 y-<y y y ^r:;i/a, 5 - ^ y y y 7 v ::i 
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6 --fV^y^/7^::^Jl&. 7 - ^ v y 7 7 ^ - ;l/ » > 2 V Jim. 3-^ 

/ V Jim. 4 - ^ / V ;im. 5 - ^ y V ji^m. 6-4^yu;i/». 7 - v ji^m. 8-^ 
/ V 1 V ^ / V jvm. 3 - y ^ / u yi/ a , 4 v ^ / v jim-. 5 - -r v ^ 
y V Jim. 6 - -Y y 4^ y u ;i/ a . i - v ^ / v jim. s - y 4^ y u ;i/ a . 2 - 4=- y 4^ 
^v=.j\^m. 5 -4^ y 4^-9- u 6 -:^Fy + u 1 - * y u yi^a. 2- 

tj/if'^vv/vm. 3 - * /i/^^ y 4 -:^7;i'/^y u /i^a. 1 - 7 x y x u 

. 2 - 7 X y X U r. a . 3 - 7 X -f y X U i>" a . 4 - 7 x ^ y X U i>" - * . 
6 -7 X y X U >*'::^;Va. 7 - 7 x y X U S>~ ;P « . 8 - 7 x y X U >>~ ;V K . 9 
- 7 X •t y X u - ;v » . 1 0 - 7 X y X U - ^l' S X l - 7 U - -'P S x Z - 7 
i; 3 -7 ^"J.i^-;i/S. 4 - 7 ^"J 9 - 7 u -y^;!/*. l. 7- 10 

7x^yxo'jy-2--Y;va> i. 7-7x-^-yxauy-3--<;v». i. 7-7x 
■tyxnijy-4-f';i'a. i, 7-7x-tyxn'Jy-5--Y;va. i, 7-7x-^y 
xnuy-6--r;i/a, i, 7-7x-^-yxDUy-8--i';^B. i, 7-7x^yxn 

V y - 9 - -^ 1, 7-7x-^-yxDuy-io--r;i/a. i, 8-7x-^yxnu 
y-z-^jum. 1, 8-7x-fyxauy-3-'f;i/». i, 8-7xtyxD'jy- 
4-'i';Pa, 1, 8-7x-tyxpUy-5-'i';i'a. i, s-yx-j-yxnuy-e- 
-Y;i/Ss 1, 8-7x-fyxoyy-7--Y;va, i, 8-7x-^-yxpuy-9--Y;i' 

1, 8-7x':?-yxD';y-io--r;i/as i, 9-7x-^-yxp'jy-2-'i';i'K 
, 1, 9-7x:>-yxp';y-3--r;i/a, i, 9-7x-fyxp'jy-4-'r;i/a. i 
, 9-7xf-yxp';y-5--i';i'S. i, 9-7xf-yxp'jy-6--f';i/S, i. 9 20 
-7x•:^yxp>;y-7-^';^S^ 1. 9-7x-^-yxpuy-8-^';i/as 1, 9-7 
x':^yxp'Jy-lO-^;L'as 1, io-7x':fyxPUy-2-'<;i'S, 1, 10- 
7x-fyxpuy-3--i';i/a. 1, io-7x-^yxpuy-4--r;va. 1, 10- 
7x^yxPUy-5--Y;ba, 2, 9-7x:^yxPUy-l--1';^a^ 2, 9-7x 
tyxDUy-3--Y/i'ax 2, 9-7x'tyxDUy-4--<;i/a. 2, 9-7x■:^y 
xPUy-5-'i';i/a. 2, 9-7x-;-yxa'jy-6-'r;i/a^ 2, 9--7x:hyxp 

V y - 7 - ^ 2. 9-7x■tyxDUy-8-'f;^a. 2. 9-7x:^yxpuy 
-io-'f;i/S^ 2, 8-7x•^yxp'Jy-l-'1'>'^*^ 2, 8-7x-fyxp'jy- 

3 - 4 Jim. 2, 8-7xf-yxp';y-4-'r;i'S. 2, 8-7xt-yxpuy-5- 

^ ;vm. 2, 8-7x'tyxPUy-6--^;i'S. 2, 8-7x-fyxpuy-7--Y;i' so 
a. 2, 8-7x^yx"puy-9-i';i'». 2, 8-7x-fyxp';y-io--Y;i'a 
. 2, 7-7x'tyxauy-i--f/V8> 2, 7-7x-^yxPUy-3-'i'/i/a> 2 
, 7-7x^yxP'Jy-4-'i';i'a. 2, 7-7x-fyxpyy-5-'i';l'a. 2, 7 
-7x-tyxauy-6-'i';ba> 2, 7-7x'^yxnuy-8-'f;i'a. 2, 7-7 
x-fyxpuy-9-Y;ba, 2, 7-7x-^yxpyy-io-^ jvm . 1 - 7 x i>' 
2-7x-t'y-;i'». 1 - 7x7^7 i^^-;va> 2-7xy^7y'^;l'a. 3- 

yx/^7z^~)Vm. 4 - 7 X y 5^7 I - 7 x / ^ V- =- S . 2 - 7 x y 4- 

-y- 3-7xy4^i?-i^ A-yx/^'^^-iy^./V^. z - ^^^VV 

4 - ;j- -y- V u ;v a . 5 - * 4r -y- V y ;!/ a ^ 2 - 4^ -y- 7 y u a . 5 - t^vi^ry^ 

i;;l/a. 3-77-if:^>'l/a> 2-9^x-;l/a. 3-g^xr:;l/a, 2-^^;HfP-;l/-l 40 
--f;l/a^ 2 P-;V- 3 --r;l/a. 2 -;<^;l/tf P-;V- 4 --Y;l/a. 2 - 

f-;Hfa-;L'-5--i';va> 3-^^f-;l/t:°n-;V-l-'i';va. 3-;<^;l'tfn-;l'-2 

--Y^Va^ 3--^f-;Vl^P-;l^-4-'r;ba. 3-y^^}V^ti-jV-5--^/\ym. 2-t 

-7^;l/tfD-;l/--4-'i';va. 3 - (2-7x-;b7ntf;l') tfa-;l'-i-'f;^a^ 
z - >^ ^ ;i - \ - y V V 4-;><^;i/-i-'i'yFU;i'a. 2-;^^;l/-3~'i'y 

F U a s 4 - ^ - 3 - y K 'J ;^ a . 2 - t - 7 9^ ^l- 1 - -f y F V a ^ 4 - t - 
r=^;i I - ^ y V u Jim. z - t - y-'f-ji 3 y h' V )vm. 4-t-7?-;i/3-^yF 

[ 0 0 3 8 ] 

B«t L < ttMfi^Wj^^igj 1 ~ 5 0 (D A;^^t^4^>';^a^i- c 0 0 z i:««ns ztofijfc so 
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L T « f - ;V S s X ^ a . 7° n tf S . -i" y ■/ a tf S . n - 7" f - S ^ s - 7 9=- S 
. -Yy7f-;VS. t-y'f-Zl'a. n-'^yf-;l/S. n--^4^i>';l'S^ n-'xyg^/ba^ n 
liKn4^i/;<f-;Va, l-tFo4^i^x^;l/S. Z-UFD^v'Xf-;)/^ 
, 2 - b F n 4^ ^ y 7 5^ ;^ S ^ l , 2 - >>' t F n ^ x f - ;L' K . 1 , 3 - t: F p ^ ^> 

y y p tf ;y a . 2 , 3 - ~y t F p + -y - t - 7" ^ ;p a . i , 2 , 3 - f u t f p ^ ~y :/ 

Pb°;VS. >7ap^^;l/S. i-i^apx^^l^S, 2 - iJ' p nx^.;l/a^ 2 - ^ p p y 

1, 2 - D D x^;l/a, 1. 3 -i^^' n p y :/"p t;;!'*. 2, 3 - 
ap-t-T'g^^i'K^ 1, 2, 3-FU^'Po::^otf;i'», :/p^:^^;pa^ i-:/p^: 
x^;i/a, 2-yp*x^;i/a. 2-7'p^i'y7"^;i'a. i. 2-5^7'D^:xf^;i/a> 

1 . 3 - i>' 7' P ^ -Y y 7° P h° ;l/ a . 2 , 3 - 1^ 7" P t - t - :/ 9" * . 1,2, 3 - h U 10 
7'P*7°Ptf;ba. 3 - r l-a-Fxf-;!/*. 2-3-Fxf-;l/as 2-3 

- F ^ y y f - /-v a s 1 , 2 - i>' 3 - F X ;!/ a . 1 , 3 - v>' 3 - F -Y y p tf ;v a > 2 , 

3 - i>' 3 - F - t - 7' f - ;b a . 1 , 2 . 3 - F U 3 - F y P ti° ;V a , T 5 7 y< ^ ;V a . 1 
-75/xf-;ba. 2-T = 7xf-;l/a, 2-7571' yyf-;V a. 1, 2-i>~757x 

9^ ;v a , 1 , 3 - 7 5 7 y :/ p tf a . 2 , 3 - >>~ 7 5 7 - t - 7 ;v a . 1 , 2 , 

3_l,ij7 = /7°at:°;l/a> 77^9" ;P as l->'77xf-;l/a. 2-'y77xf-;Va 
, 2-^^77^-7 7^ ;Va . 1 , 2 - 7 7 X ^ ;V a . 1 . 3 - 7 7 ^ 7 7° P tf ;V 
a> 2, 3 - i^i/7 7 - t - 7g^;l'S. 1, 2, 3 - F U '>7 y 7p t!;Va. xFD>{^ 
/va, i-xFox^;i/», z-xhpx^^i'tt, 2-xFni'y7g';i'as i, 2-i^ 
xhnxg^/l/S, 1, 3 -i^x F PI- y 7p ;1/S, 2, 3 - h p - t - 7^;l/a> 20 
1,2, 3 - F U X F n 7p i^;l'a^!^)^^tf p.n§c 

[ 0 0 3 9 ] 

m^xitmmm(o:^f-v )im(DmtLTHi.. 2 -y x=.)i- i - 2. 2-5^7 

xx;^-l-ex;^a, 1, 2, 2-FU7xx;P-l-H~x;bS^A^Ptf?.n§o 
;Npy-ya©1?iJ t LTfi. 77il, 3 7 « ^ ^ tf & ti § o 

± IB <D {b -a- « <^ * ft * T til -r o 

[ 0 0 4 0 ] 

ffiJC, 8 -H FP^~y^7 'J 7-;l/7;l'5x7i.fgft^cD^SSift-^> 4. 4' - X ( 
A /I'/V/-;!/- 9 -1, 1' -lf7xx;V^(D'N-rP^{t:-&ttfciifja-efeSo 

±IB©ffc^WO*f*fi?iJ^JXTtC5^-ro 30 

[ 0 0 4 1 ] 

lit 2 ] 
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[ 0 0 4 2 ] 

iD^m^^^ c tf^-sjmx^^tiK ^12] xB-^n^ian^m^-^n(D h'~Ay hunt 

[ 0 0 4 3 ] 
[{b3] 
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[ 0 0 4 4 ] 

f-;va. 2-^79^ ;p a. \ - T y V 2-7>bu;va. 9-7>'hy;v». i 

-7x:>->bU;l/», 2-7x-fybU;l/», 3-7x:?-yhU;b», 4-7x-?-yhU 
y^S. 9-7x-t>'hU;ba, l--f7^-ir-;]/S. 2-f-7^-b-;bB, 9-'t7^-b; 

l-tfUr.;VS, 2-lfU:^;ba. 4-tfbr:;VS, 2-ti'7x:^;l/-Y;l'a. 3 
-tf7xii;l/^;P», 4-E~7x-;l/^';l/». p-^?-7x-;l/-4-'i';l/a, p-^- 
7x-;l/-3--^';VS> p-^-7x::i;l/-2--r>'l'a^ m-^'-7x-;l/-4-^';l/» 
. m-^f-7x-;V-3-l';l/S. in-^f-7xr:;l/-2--l';Va, o-hU;!'*, m- 
^U;^S. p-bU;l/S, p - t -7"5^;b7 x^;l/a, p- ( 2 - 7 x ^ ;1/ 7° n t! 7 
x:!;!/*. 3-^9";b-2-'f7^;l/»^ 4-^f-;l/-i--;^7g^;l/B. 4->{^;l/-l 
-7yhU;l/», 4' -;^g=-;l'ti:7x-;U-Y;l'a, 4" - t- 7'^;l'-p-^-7x-;i/ 
-4-'i';pa. 2-7;l/JtU-;l'a, 9. 9-^^><f-;l'-2-7;l'^U'-;I/a, 3-7 ;V 

[ 0 0 4 5 ] 

rr- i; L< a 7x^;i/ a. i--f7f-;ba^ 2--fy 9--7x-^yhu;i/a, i- 

-';-7^?-tr-;VS, 2-±7^?-b-;l/a, 9-^7^-1: - ;l^S> l-t;^:^;^a^ 

r.;ba. 4-tfl'-;l/S, 2-tr7x-;l'-Y;Vas 3-e7x::i;l/^;Va. 4-td^7x::i 

/b-r/va. o-h'J;i/8, m-hV;VS, p-bU;i/a> p - t -7"g^;l/7 X :^;l'a, 2 
-7;U;^-U'-;l'as 9, 9-i^"><f-;l/-2-7 7l/:tL'-;l/ax 3-7;l':t7Vf-;l/a^ 

^ If 6 n 5 o 

[ 0 0 4 6 ] 

■ ^ X M fi gl <^ 7, f- U a CD f ij t b T « . 2 - 7 X - 1 - - a . 2 , 2 - v"" 7 
X - 1 - H" ;b a . 1 , 2 , 2 - h U 7 x - ;V - 1 - - ;P a ^ * if & tx ^ o 
[ 0 0 4 7 ] 

ffi^Ct.1?iJ^a\;l/7Uy©J;o^li-&^#Kfb-a-tls Ir (ppy)3®J=^^^«^ 

± f B f b ^ CD * # 0IJ ^ J-X T f o 
[ 0 0 4 8 ] 

[{b4] 
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eA^^t<. ^' ;t >{bx^;l/4^-A^a^ 5 . 5 e V JMT fc/h^ il « <t 5 ^ lETLfii i^S 
^ ft JS M ^ ti\ 1 0 ^ ~ 1 0 ^ V / c m O « EP Ad B# (C. 'pfSi< tt> I 0 " ^ c m ^ 

/V • # n » S L ty^ c 

[ 0 0 5 0 ] 
t T- 1 ^5 o 

t LTs PJ^ff. h U 7 V^-;HI^# (*BI#fF 3 , 112. 19 7#K»»^# 

m) . ^^^'y79~;immw i^m^Vfs , is 9, 4 4 7 ^B^ffl*^#i^) . ^ 5 

(If :^^Bg 3 7 - 1 6 0 9 6 5f , 4^ U 7 U - ;V 7 /I/ * ^ P » f* ( 

*H#it 3, 6 1 5, 402^Bj5l|#. 11^3, 820, 989^BJ^|[I]«. 1B]^3, 54 
2 , 5 4 4 ^ 0J! ffl * . ^'j^^E 4 5 - 5 5 5 ^'j^m. IBI 5 1 - 1 0 9 8 3 ^ i> $g . P»1 BS 5 
1-93224^ [p]55-1 7 1 05^i,^ia. |5]56-4 1 48^1^|g. [H]55- 

108667^ lH!55-1 56953#i^^, |W156-36656^i>fS^#P,§) 

. 7 y U ^-^#i*Rtf k° 7 yn y ^#f* (*H'#fF^ 3 , iso, 7 2 9 ^eij^M». P 
^4, 278, 746^0^ MS. #^8955-8806 4 ^i:^^. |W|55-88065^ 
{i^m. IHI 4 9 - 1 0 5 5 3 7 P 5 5 - 5 1 0 8 6 ^d>$g, 11156-80051^ 

PI56-88 1 4 1-^^$B, ^57-45545-^^$g, IW154-1 1 2637-9 
i^fg. |^55-74546#i^|g^#S§) . 7 :r. =. U > P 7 ^ ymmi^ (>KBI1tfF^3. 

6 1 5, 4 0 4 ^BMmm. ^'j>m 5 i - i o i .0 5 ^i>ig. ihi 4 e - 3 7 1 2 ^^is. m 

47-25336^ ^/.^fg, 5 4 - 5 3 4 3 5 ^ 'j>m. IHI54-1 10536-f-i>fg 

. iH] 5 4 - 1 1 9 9 2 5 ^'Jk$im»m) . t u -;i/7 5 ymm{t- 3,557 

, 4 5 0 ^ 0« ffl « , ID m 3 , 1 8 0, 7 0 3 ^ i^l ffl « . re] ® 3 , 2 4 0, 5 9 7 ^ BJ! ffl » 
. rails, 658, 520^B^ffl», P354. 232. lO3^0^lffl». Pgi4, 175 
, 9 6 1 ^1 BJ1 $ffl » > IeO ^. 4 , 0 1 2. 3 7 6 ^ BJfli » , # i.^ BB 4 9 - 3 5 7 0 2 ^- i.^ $S , 
lpl39-27577^^i^|g. If WESSS-l 44250^1.^ IB, |s)56-l 19132^ 
'km.. |B)56-22437 ^'lkm.. HJ4#fF® 1 . 110. 518 , 7 

5 /Hi5*yl^3 (JKH^fF® 3 . 5 2 6. 5 0 1 -^HJ!ffl«ll#S^) , :t ^-9- V- 

p « (>K H # If m 3 , 2 5 7, 2 0 3 ^ li « ^ H /T^ © O ) . X ^ U 7 y h 7 
t yii3S{* (WPslHH 5 6 - 4 6 2 3 4 ^ 7 ;b ;t ^ / ^ If » f* ( # PjI tlS 5 4 

- 1 1 0 8 3 7 ^i>fg^#pa) . t: F ^ (*BI1ti^ ^ 3 , 7 1 7, 4 6 2 0^ 

#lf10S 54-59 1 43^^i.^^. |WI55-52063^^i;$g. IrI 55-52064 
"^'km.. |pI55-46760^i>ffi. lB]55-85495-!fi>S, 11 5 7-1 1 350-^ 
'J^mis 1157 - 1 48749 ^'^m.. # W ¥ 2-311591 ^ i> ffi ^ # ) . X ^ ;b 
VMSf* dtMBSe 1-2 1 0363^^^^, PUG 1-2284 5 l^i>$g. |HI6 1- 
14642^^fB. |II61-72255#^$B> |ll62-47646^i.Hg. [H162-3 
6 6 7 4 ^i^fg, 11 6 2 - 1 0 6 5 m'i^m. IWI62- 3 0255 ^'ikm.. IH 6 0 - 9 3 
455^^?B, |pl60-94462*i^fg, 11160-1 74749^^:^^, 1160-1 7 
5 0 5 2 ^l^fg^#P,§) . i^^if'y^^ft^ (*il#tt^ 4 , 9 5 0, 9 5 0 #^*ffl»), 
^'Ui-^y^ (#11^2-2 0 4 9 9 6^ ^^$g) . 7-Uy^fta^1* (#Ff^¥2-2 8 
2 2 6 3 . 1 - 2 1 1 3 9 9 ffi fwl .T^ $ n T 0^ § » « tt B 5^" ? * U rf 

•7- (!lttcg^^7x>':tUd'-?-) ^;&*lf?.C^l*'!T't?>o 
[ 0 0 5 1 ] 

IE ?L fi ^ « t i± , $ tcl ?L CO a 7v ^ K it S /£ i6 , SU ii IE ?L ft A B ^ IS S c i: -T? 

:!H;l/7^ yft-^'tl (^FJBge 3-295696 5 ^i^^fS^t Mg^O <0) , 
«gH»7 ^ yft^tlRtf X^ U /V7 5 (*H#W^m 4 , 12 7. 4 12^0^*1 

iftMBa53-27033^1.^fB, 1154-58445^^:^^, 1154-1 49634 
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^l^fg. IH|54-64299^1^|g. |H|5 5 - 79450^i;^$B. |n|55-I 442 5 0 
^i^ffi. Il56-1 1 9 1 32^i.^fg, ^6 1-295558^^18. |H16 1-9835 
3^i>$g. m 6 3 - Z 9 5 6 9 5 ^ {ik mm) . !^tt75SKmHl6T5yfb-a-ft^fflV^ 

[ 0 0 5 2 ] 

ffc.*H#itlg 5, 0 6 1, 5 6 9 ^tciBtg^nri/^s 2 fi©«-&5?#K^i%^^?rt^i: 

Wt§. m^iS. 4, 4' -e'X (N - (I -i-y - N- 7x::^;l/75y) ti~7x 

(J-XTN P D tWSiat-S) . $fc. # rw1¥ 4-308688 t IB « ^ n T 5 

b';7xr:;l/75>'a-'yhA'i30X^-/^-XHUK 31^ 3 n fc 4 , 4 ' , 4 " - h 'J 
X (N- ( 3 - ^ 5^;l/7 X - N - 7 X :^;l/7 5 y ) }- U *7 x - ;1/ 7 5 > (JMTMT 

DATAtBSiB-rs) m^mif^ctti^r^^?,o 

tk. ^^mt^ >^^v ^ y^it^m(Dm. pssi. piysic^£D^«i{i:-&«ti?L 

[ 0 0 5 3 ] 

. 4^^Xhr£. L B ffi^O^HPO^Slc cfc 0 siMftf ?> ii i: J; D ff^ Jjict § C i: ^j'iT- 1 § 

0 jE^immm (o ^ m <D mm . t lij i® >& i> a a 5 n m ~ 5 /i m -e & § c o ie 

[ 0 0 5 4 ] 

A^tt^t^ST-fe •:> 1 0" ' S / c mJ;i±0#«s^^*-r § t.<DA^»5gT'S?.a C 

oj;o^*«iti»f*«©^:?i^-tLTa. #g^^7xy^'Jd-v->, it if ¥8-1 931 
9 1 ^ 1^ $g IS ,1^ U T ^ # 7 1; - 7 5 > U 3 V - H CD 3i « 14 ;t U :J T - , 7 'J - 
;b 7 5 y r y F U V - ^ ^ # m tt r> K U V - ^ (/^ § il t ^ o 

[ 0 0 5 5 ] 

( 6 ) mi^mm ^^m 

fc«?WiiMiB^^^ii. 'i^StciSUT«?aA)i^^=&bTV^§o 

±158 -t Fa^'>^y i; yxti^cDg|^#tD#Sig^*<Dmf*W.i: LTf*, t^'yy (- 
IIS(c8-^/U/-;l'X«8-t Fa^^S^^/Uy) (D ^ - h ^-^ts^m^ ly~ h ^ 

/ -( vit^mt'^m^f ^n^o 

m^^f. (S-^/Uy^F) 7;V5-'i7A^f* (A 1 q) ^m?ltJ^«tUTffll^§C 

-i5t^^i^7^/~)ymmwt\.x\.t. [3] [5] -eis^ns«? esit 

[ 0 0 5 6 ] 

[fb 5 ] 
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[3] 



Ar' 




(S^Ar', Ar*^, Ar'. Ar^, Ar'°, Ar'Mi^n^-'nB^^XttSSS^ 
A r ' ' , A r ' Mi, B ^ X ^4 B S 7 'J - U ^ » ^ ^ t , ^ n ? tlRI - 1? o T t 



, h° - ;I/ ^ft /j"! *p & n 5 o S /c 7 U - b y a i: L T « 7 X r:. 1/ y a , :^ 7 9^ S , e 

[ 0 0 5 8 ] 
[ft 6] 



[ 0 0 5 7 ] 
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3 

9 




[ 0 0 5 9 ] 

^^m<Dit?m L\,^mmK, n=?^imm-r :§>mmxitmmt^mm(Dnmm^ic^ iiTcttK 

!f^3. 7;^* u ^saD/^Dy yfbft, 7;V* U ±ii^Jl(D«ftl!g. 7 ;i/ * u ±a#S © /^ p 

[ 0 0 6 0 ] 

tfc. kfjmWmK. i?*tV^5i7CttF-/'?>hi:LT(i, Na (tt»Mgc: 2. 36e 
V), K (ft*Mi(:2. 28eV), Rb Ctt*M^:2. 16eV)RiO"Cs ({±* 
Mit:i. 9 5eV)A^P.^§»A^P.SS?$n§'>^<i:fe-O07;l/*';^K^, Ca 
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(i±^mm. ■ 2 . 9eV), Sr ({±*MiS(:2. 0-2. 5eV).Rt;Ba (f±»M 
S : 2. 5 2 e V) A^C)'^§SI*^?>aK$nS'>^< i:fe-o©7;l'*U±«^IS*^^lf 
?.n?.{±»Ma*"!2. 9eVJi^TOtO*^Wtc»SLV^o Z. n ^ CO ^ ^ . J;D»SbV^S 
7t tt F - > h « . K . R b R t>" C s b ^ S » *^ B S K ^ n § ^ < t - © 7 * 
U^JSTfeO. ^P.t»tL.<tt. RbXJiCsTSD, Sfe»tU^(i. CsT:-feSo 

[ 0 0 6 1 ] 

S fc, {± * M a 2 . 9 e V W T O a 5t ft F - /-^ y h i: L. T , d n P. 2 W J-X ± O 7 ^l^ * U 
^S©ffi-a-t'-a:?.»^L<,!|tt. Cs^$^?cifi^-&t3■^^^^?IJ^^^^ Csi:Na. Cs 
tK. Csi:RbS.§o^(±CstNai:Ki:^Dffi?A^t)^^T*fe5c:t^^)^^^fSLv^„ Cs^ 

[ 0 0 6 2 ] 

tA^T'tSo c o j; d ^ISIifti; LTti, 7 ;V 'J A n y ± ^' F s 7;l/;dU±i1^ 

Jl7b^iin?)©7;l'5!7'J^liA;l'3y±^'F^T^«^^nTi/^ntf. «?aAft%:^P.Kl^ 
[ 0 0 6 3 ] 

mit^lc. » t H/^ 7 ^l' * 'J ^ Ja * n y Y F i: b T . 1^0 ;t ii\ L i 2 0 . L i 0 . 
Na2 S. N a z Se&t>"NaOft^*lfe.n. ^fftL^/^7;^AU±ll^]S*;^3y:^^F 
t L T a . W ^ (i\ C a 0 . B a 0 . S r 0 , B e O . B a S , & t>* C a S e A^' ^ n 
S^c, ^ff£LV^7;l/*'J^)iO/Nn'5^*>"fb1^i:UTt*.0ljK.{f, LIF. NaF. K 

F . L i c 1 , K c I Rx}N a c ] mti^m^f <bn^o "^fz. »tL\^^7 V ±m&m<D 

/^U^yiti^tLXlt. m^l,£. C a ¥ 2 ^ BaFz. SrFz.MgF2Rt>'BeF2 
[ 0 0 6 4 ] 

Sfc. «?ftAli^tflt-r?>¥»f*i:bT«. Ba. Ca. Sr. Yb. AU^Ga. I 
n. Li. Na. Cd, Mg, Si. Ta. SbS:t;ZnCD'>^<i:fe-OOfc*^^£j 

^. d cDi d ^ftlSfk'&ft i: bTii. ±KBLfc7;l/A F. 7;I/AU± 
W#II*;i/3y:f--r F, 7 ^I'f] 'J ^m(D^^uyyi\:^Rr}7 ^) ±m^m<D/sti ^yit 

tl ^ ^ If P> tl S o 

[ 0 0 6 5 ] 

( 7 ) 

eStUTHs f± » M it© ^ V> (4eV«"F) ^B. « ^ g » ft ft ^ S d tl 

P> CD ?E f^/J m tt H -r 5 t (D il 5 n § a C CD J; 5 ^ « S K © M ft ^ij L T (i . 
h U 'J' A . F U -^7 A - U 'J' A . ■? A . U ^ A . -i? A • SI # 

7;l/5:^'>A/K{t7;l'5:^'>A. 7;i'5-'^A-yf-'i'A^^. -Yyi^-i?/.. #± 
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m, ?!fl;L<a50~200nmT'fc5 = 
[ 0 0 6 6 ] 

( 8 ) 'm»m 

a 

mmm^m^^ ^ti^un t Lx it. m^a. mitr ^ -'^ a. » ft u ^ ^ a . ^ ft u ^ 
^it-tiyyi,, mit'ti^'yi,. Kftv^^>i/'>i., ^ ft v a , mittij]/^> 

[ 0 0 6 7 ] 

c 9 ) im^ni'^mm 

Ji(±w^^ Lfctf j; !5 , nil. ^ytm. m^mmm tLxjE^immm&u/x 

[ 0 0 6 8 ] 

2 0 0 nmOlSH®^»lc:5:§j;9ti:^«^X/^>y^?i;yi^^(D73?SlC^t)f^^LT|^S 
1 2 ^ S f S c 

^ic. i:©lHii 2±iciE?LfiiiMlli 3^|gtt§o 

IE ?L It 3i B 1 3 commit. mmLrz ^ ic M'^M'^m. x e y n - b s , 4^ ^ x h a . l 

B a ^ O a tc cS; tf 9 c i: T? ^ § 1^ H ^ M f# e. n ^ "T < , o if y - IS 

g h 1- § iE?Lti33^ji 13 cDisraftB^Rig^^ji^ic J; 5 *n -iisfc. mmmu 

jg50~450 °C, *^aiO~''~10"^ torr.^»jlg0. 01~50nm/ 
#> SSrllJS-5 0~ 3 0 0 °C. aiffSnm-S/imCOlBH-eSaSlJi^-rSiltA'^^ffSL 

[ 0 0 6 9 ] 

C£DIE?Llil3MiIl 3(D±K. MSft^tlJil 7^«!{nm~i(+nmffJfi!t-r?>o oOitajt 

mmmic^ijm^j:^ti\ -micmmmums 0 0 ~ i ooox:, 0 - ^ ~i q- 

t o r r. ^«jiJS0. 0 l~50nm/#.a«Sja-50~300^. Bm I nm 

~2 0 nmCDt@HTSil:SfK-r§utA^'i(fSLt/>o 
[ 0 0 7 0 ] 

iEfLUJMBl 3&y'teSfb#!|%ill 7©Jgfi)c*J«^^«DML. IE?LfijMill 3^9 
Bf § c i: C J; o T. ,l|lj«E(D±#^WfliiJ bo-p, iEJLMjMJi l 3 & tf tttift^tlJl 1 

7 ici^ ^ mm^ n^^'?^^ . n m-^m ii mtxm^itx^ jetliissi seas 

a a. W tSiJPItt^t,^;^^ 2 ~ 1 0 m^^i'^^f t bt/^o 
[ 0 0 7 1 ] 

^jCs iE?Liftji»i 3±K^ftmi 4^m^f^o m^m I Aom^^. mmcommn^M 
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[ 0 0 7 2 ] 

i^. iE?LiiMJii 3i:Ri«tc. m^mmmi 5^. mmit^mm 1 i ^fthtmrnLrcm 
mtt^cti^-^mv^^o m^mmm I 5^mm-r^c tKj;:-Drn^mmm i sat; 10 

mm I 5 (Dmmw.^t¥fK^mit^£h^-h\ 2 ~ 1 0 m s l „ 

[ 0 0 7 3 ] 

© » fi 6 ^ ^ /c i6 , « ^ ^ « » * L o 
[ 0 0 7 4 ] 
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(54) [Title of the Invention] ORGANIC ELECTROLUMINESCENCE ELEMENT 
AND DISPLAY DEVICE 
(57) [Abstract] 

[Problems to be Solved] To provide an organic EL element which can perform low 
voltage driving, though it has a thick film structure. 

[Means for Solution] An organic electroluminescence element 1 which includes an 
anode 12 and a cathode 16, which form a pair of electrodes, and a light emitting layer 
14 made of an organic compound interposed between the electrodes, is characterized in 
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that a charge transporting layer 13 made of an organic compound exists between the 
light emitting layer 14 and at least one of the anode 12 and the cathode 16 and in that a 
structure of laminating the charge transporting layers 13 with an inorganic compound 

layer 17 interposed therebetween is used. 
[Selected Drawing] FIG 1 



[Scope of Claims] 
[Claim 1] 

An organic electroluminescence element including an anode and a cathode, 
which form a pair of electrodes, and a light emitting layer made of an organic 
compound interposed between the electrodes, characterized in that a charge transporting 
layer made of an organic compound exists between the light emitting layer and at least 
one of the anode and the cathode, and in that a structure is employed, in which the 
charge transporting layers are laminated with an inorganic compound layer interposed 
therebetween. 
[Claim 2] 

The organic electroluminescence element according to Claim 1, characterized 
in that hole transporting layers exist as the charge transporting layers between the anode 
and the light emitting layer, and a structure in which the hole transporting layers are 
laminated with the inorganic compound layer interposed therebetween is employed. 
(Claim 3] 

The organic electroluminescence element according to Claim 1, characterized 
in that electron transporting layers exist as the charge transporting layers between the 
cathode and the light emitting layer, and a structure in which the electron transporting 
layers are laminated with the inorganic compound layer interposed therebetween is 
employed. 
[Claim 4] 

The organic electroluminescence element according to any one of Claims 1 ~ 3, 
characterized in that the inorganic compound layer contains at least one element of 
groups 3 ~ 12 in the periodic table. 
[Claim 5] 

The organic electroluminescence element according to Claim 4, characterized 
in that the inorganic compound layer which exists in the hole transporting layers further 
contains at least one element of groups 1 ~ 2 in the periodic table. 
[Claim 6] 

A display device including a display screen, formed by including the organic 
electroluminescence element described in any one of Claims 1-5. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to an organic electroluminescence element, and in 
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more detail, relates to an organic electroluminescence element, characterized in that 
charge transporting layers are laminated with an inorganic compound layer interposed 
therebetween. 
[0002] 

[Related Art] 

An electroluminescence element using electroluminescence (hereinafter, 
electroluminescence is abbreviated as "EL".) has features such as having high visibility 
because it is self-luminous type, and being superior in resistance to shock since it is a 
complete solid state element; accordingly, applications thereof as a light emitting 
element in various display devices are focused. 
[0003] 

This EL element includes an inorganic EL element using an inorganic 
compound as a light emitting material, and an organic EL element using an organic 
compound as a light emitting material. Particularly, the organic EL element is 
developed as a next-generation light emitting element, since an applied voltage can be 
drastically reduced, fuU-colorization can be easily performed, power consumption is 
little, and surface emitting is possible. 
[0004] 

As a structure of this organic EL element, a structure of an anode/ a light 
emitting layer/ a cathode is basic, and a structure appropriately providing this with a 
hole injection • transporting layer or an electron injection layer, for example, a structure 
of an anode/ a hole injection ■ transporting layer/ a light emitting layer/ a cathode or a 
structure of an anode/ a hole injection • transporting layer/ a light emitting layer/ an 
electron injection layer/ a cathode is known. Here, the hole injection • transporting 
layer has a function of injecting holes from the anode and transporting them to the 
organic light emitting layer, and further, the hole injection layer and the hole 
transporting layer are separately manufactured in some cases. The electron injection 
layer has a function of injecting electrons from the cathode and transporting them to the 
organic light emitting layer. In addition, the organic light emitting layer has a function 
of receiving the injections of the holes and electrons and a function of emitting light by 
a recombination of the holes and electrons. 
[0005] 

Since the organic EL element has an ultrathin film of only 100 ~ 1000 nm, 
which is interposed between the electrodes, light emission with high brightness can be 
obtained at a low voltage of several V ~ several tens V. On the contrary, due to such an 
ultrathin film, a short circuit or a pixel defect affected by a minute projection over a 



substrate or the electrode often occurs, which has become, in fact, a big problem. 
Although a method of making a thick organic compound layer interposed between 
electrodes is known in order to prevent this, a driving voltage is, on the other hand, 
increased; accordingly, a technique is disclosed, in which an organic EL element is 
thickened without increasing the voltage. 
[0006] 

For example, a technique is disclosed, in which an amine compound is 
dispersed in a polymer, doping is performed by adding an oxide, and it is applied to 
form a hole transporting layer of an organic EL element (ref. Non-patent Document 1, 
for example). However, in the application method, it is known that a residual solvent 
exists in a thin film and defects are formed by reacting with an electrode of the organic 
EL element. 
[0007] 

There is also a method of forming a similar hole transporting layer by 
co-evaporating an oxide which can be evaporated and an amine compound (ref. Patent 
Document 1, for example). However, the method is not suitable for obtaining a 
long-lived organic EL element, since an oxidizing dopant is diffused in accordance with 
the driving of an element and a light emitting layer, is often affected. 
[0008] 

[Non-patent Document 1] 

Written by Yoshio Taiiiguchi, "Low Driving Voltage Thick Film Organic EL Element", 
M&BE Vol. 10, No. 1 (1999) p. 20-28 
[Patent Document 1] 

Japanese Patent Laid-Open No. 2000-315580 

[0009] 

[Problems to be Solved by the Invention] 

In consideration of the above problems, it is an object of the present invention 
to provide an organic EL element which can perform low voltage driving, though it has 
a thick film structure. 
[0010] 

[Means to Solve the Problem] 

In order to solve this problem, the present inventors found that low voltage 
driving is possible even with having a thick film structure, by using a structure in which 
charge transporting layers are laminated with an inorganic compound layer interposed 
therebetween, and thus they have completed the present invention. 
[0011] 



According to a first mode of the present invention, an organic 
electroluminescence element including an anode and a cathode, which form a pair of 
electrodes, and a light emitting layer made of an organic compound interposed between 
the electrodes is provided, which is characterized in that a charge transporting layer 
made of an organic compound exists between the light emitting layer and at least one of 
the anode and the cathode, and in that a structure is employed, in which these charge 
transporting layers are laminated with an inorganic compound layer interposed 
therebetween. 
10012] 

According to a second mode of the present invention, a display device formed 
by including the aboye-described organic electroluminescence element is provided. 
The organic EL element of the present invention can be used in screens of various 
display devices such as a consumer TV, a large-displaying display, and a display screen 
of a cellular phone, by combining with a known structure. 
[0013] 

[Embodiment Mode of the Invention] 

Hereinafter, the present invention is explained in detail. An organic EL 
element of the present invention includes at least a pair of electrodes and a light 
emitting layer made of an organic compound, which is interposed between the 
electrodes. In addition, it is characterized in that a charge transporting layer made of 
an organic compound exists between the light emitting layer and at least one of the 
electrodes, and a structure is employed, in which the charge transporting layers arc 
laminated with an inorganic compound layer interposed therebetween. Here, the 
charge transporting layer refers to a layer made of an organic compound and having a 
function of transporting holes or electrons from an electrode to a light emitting layer 
and, for example, indicates a hole transporting layer, a hole injection layer, an electron 
transporting layer, an electron injection layer, or the like, 
[0014] 

FIG 1 is a cross-sectional view of an organic EL element, showing one 
embodiment mode of the invention. An organic EL element 1 has a structure in which 
an anode 12, a hole transporting layer (charge transporting layer) 13, a light emitting 
layer 14, an electron transporting layer (charge transporting layer) 15, and a cathode 16 
are laminated in this order over a substrate 11, and a structure in which the hole 
transporting layers (charge transporting layers) 13 are laminated with an inorganic 
compound layer 17 interposed therebetween. The substrate 11 is a substrate which 
supports the organic EL element. The anode 12 plays a role for injecting holes to the 
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hole transporting layer 13 or the light emitting layer 14. The hole transporting layer 13 
is a layer for supporting the injection of the holes to the light emitting layer 14 and 

transporting the holes to a light emitting region. The cathode 16 plays a role for 
injecting electrons to the electron transporting layer 15 or the light emitting layer 14. 
The electron transporting layer 15 is a layer for supporting the injection of the electrons 
to the light emitting layer 14. The light emitting layer 14 mainly provides an area for a 
recombination of the electrons and the holes and leads this to light emission. 
[0015] 

In the organic EL element 1, a structure is used, in which the hole transporting 
layers 13 are laminated with the inorganic compound layer 17 interposed therebetween. 
By thickening the hole transporting layer which is a charge transporting layer, a short 
circuit of the element or a pixel defect can be prevented. However, in a case of a hole 
transporting layer of a single layer which is conventionally common, since a driving 
voltage of an element is drastically increased as a film thickness of the hole transporting 
layer is increased, there is a limitation on thickening the hole transporting layer. On 
the other hand, by employing the structure of laminating the hole transporting layers 13 
with the inorganic compound layer 17 interposed therebetween as in the present 
invention, a driving voltage can be prevented from being increased in accordance with 
the increase of the hole transporting layer 13 in thickness. Accordingly, the hole 
transporting layer 13 can be thickened more than in the case of the hole transporting 
layer 13 of a single layer, and thereby a short circuit of the organic EL element or the 
pixel defect can be prevented efficiently. Note that, in this embodiment mode, a 
structure in which only the hole transporting layers 13 are laminated with the inorganic 
compound layer 17 interposed therebetween is used; however, a laminate structure of 
both the hole transporting layers 13 and the electron transporting layers 15 may be used, 
and a laminate structure of only the electron transporting layers 15 may also be used. 
[0016] 

In addition, in this embodiment mode, the number of the laminated hole 
transporting layers 13 is three; however, it is not limited to this. The number of the 
laminated hole transporting layers 13 is preferably 2 ~ 10. Each of the hole 
transporting layers 13 may be either different or the same. Similarly, the number of 
the laminated inorganic compound layers 17 is two; however, it is not limited to this. 
The number of the laminated inorganic compound layers 17 is preferably 1 ~ 9. Note 
that, in the case of forming two or more inorganic compound layers 17, each of the 
layers may be different or the same. 
[0017] 
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A film thickness of the inorganic compound layer 17 is selected from a range of 
several nm ~ several tens nm. Specifically, it is 1 ~ 20 nm, preferably 1-10 nm. In 
addition, it is preferable that a film thickness of the hole transporting layer 13 is 
appropriately selected from a range of 5 nm ~ 5 fim, and particularly, it is preferably set 
in a range of 5 nm ~ 100 nm. Note that, in the case of having a structure of laminating 
the electron transporting layers 15 with the inorganic compound layer 17 interposed 
therebetween, it is preferable to have a similar film thickness and the similar lamination 
number to that of the hole transporting layers 13. 
[0018] 

In the present invention, it is preferable that the inorganic compound layer is an 
inorganic compound layer containing at least one element of group 3 ~ 12 in the 

periodic table. Note that, in the present specification, the periodic table refers to a 
long-period type periodic table. In specific, it is an oxide, sulfide, chalcogenide, halide, 
nitride, or phosphide of Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Y, Zr, Nb, Mo, Ru, Rh, Pd, 
Ag, Cd, Hf, Ta, W, Re, Ir, Pt, or the like. Preferably, it is vanadium oxide, manganese 
oxide, nickel oxide, molybdenum oxide, tungsten oxide, iridium oxide, cadmium sulfide, 
molybdenum sulfide, zinc sulfide, copper iodide, silver bromide, or the like. These 
inorganic compounds may be singly used, and a combination of two or more kinds may 
also be used. 
[0019] 

The inorganic compound layer more preferably contains at least one element of 
group 1 ~ 2 in the periodic table. Specifically, it is Li, Na, Mg, K, Ca, Kb, Sr, Cs, Ba, 
or the like or an oxide, sulfide, chalcogenide, halide, nitride, phosphide, or the like of 
the element. Preferably, it is lithium, lithium fluoride, lithium oxide, sodium, sodium 
fluoride, sodium chloride, magnesium fluoride, magnesium oxide, calcium, cesium, 
cesium oxide, cesium fluoride, cesium iodide, barium oxide, barium chloride, or the like. 
These inorganic compounds may be singly used, and a combination of two or more 
kinds may be used. 
[0020] 

Hereinafter, a structure and each member of the organic EL element will be 
explained. 

(1) Structure of Organic EL Element 

As the structure of the organic EL element, a structure of 
AIT an anode/ a hole transporting band/ a light emitting layer/ a cathode 
A 2 ▼ an anode/ a light emitting layer/ an electron transporting band/ a cathode 
A 3 T an anode/ a hole transporting band/ a light emitting layer/ an electron 



transporting band/ a cathode 

A 4 T an anode/ a hole transporting band/ a light emitting layer/ an attachment 

improvement layer/ a Cathode 

AST an anode/ an insulating layer/ a hole transporting band/ a light emitting layer/ 

an electron transporting band/ a cathode 

A 6 ▼ an anode/ a hole transporting band/ a light emitting layer/ an electron 
transporting band/ an insulatmg layer/ a cathode 

A 7 T an anode/ an inorganic semiconductor layer/ an insulating layer/ a hole 
transporting band/ a light emitting layer/ an insulating layer/ a cathode 
AST an anode/ an insulating layer/ a hole transporting band/ a light emitting layer/ 
an electron transporting band/ an insulating layer/ a cathode 

or the like can be given. These structures are formed over a substrate. In these 
structures, a structure of A3 T, A5 T,orA6 Tis usually and preferably used. 
Note that the present invention is not limited to these. Further, the hole transporting 
band includes at least one hole transporting layer or the above-described laminated hole 
transporting layers with the inorganic compound layer interposed therebetween, and it 
includes a hole injection layer or the like if necessary. The electron transporting band 
includes at least one electron transporting layer or the above-described electron 
transporting layers with the inorganic compound layer interposed therebetween, and it 
includes an electron injection layer or the like if necessary. 
[0021] 

(2) Light Transmitting Substrate 

The organic EL element of the present invention is manufactured over a light 
transmitting substrate. The light transmitting substrate herein refers to a substrate 
which supports the organic EL element, and preferably is a flat and smooth substrate 
whose transmittance of light in a visible region of 400 - 700 nm is 50 % or more. 
Specifically, a glass plate, a polymer plate, or the like can be given. As the glass plate, 
a soda-lime glass, a barium strontium-containing glass, a flint glass, an aluminosilicate 
glass, a borosilicate glass, a barium borosilicate glass, quartz, or the like can be given. 
As the polymer plate, polycarbonate, acrylic, polyethylene terephthalate, polyether 
sulfide, polysulfone, or the like can be given. Note that the above structure is for the 
case of an element in which light emitted from the ligjit emitting layer is taken out from 
a substrate side; however, it is not limited to this, and the light can be taken out from an 
opposite side of the substrate. In this case, the substrate is not necessarily transparent. 
[0022] 

(3) Anode 
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The anode of the organic thin film EL element plays a role for the injection of 
holes to the hole transporting layer or the light emitting layer, and effectively has a work 
function of 4.5 eV or more. As a specific example of an anode material used in the 
present invention, indium tin oxide alloy (ITO), tin oxide (NESA), gold, silver, platinum, 
copper, or the like is applicable. 
[0023] 

The anode can be manufactured by forming a thin film of these electrode 
substances by a method such as a vapor-deposition method or a sputtering method. In 
the case of extracting light emission, which is generated from the light emitting layer, 
from the anode, it is preferable that a transmittance of the anode with respect to light 
emission is set at more than 10 %. In addition, a sheet resistance of the anode is 
preferably several hundreds Q/D or less. Although a thickness of the anode depends 
on materials, it is usually selected from a range of 10 nm - 1 [im, preferably 10 ~ 200 
nm. 
[0024] 

(4) Light Emitting Layer 

The light emitting layer of the organic EL element has following functions. In 
other words, it has 

AIT Injecting Function; a function capable of injecting holes from the anode or the 
hole injection layer, and of injecting electrons from the cathode or the electron injection 
layer, when applying an electric field 

A 2 T Transporting Function; a fimction of transporting the injected charges 
(electrons and holes) with power of the electric field 

A 3 ▼ Light Emitting Function; a function of leading light emission by providing an 

area for a recombination of the electrons and holes. 

[0025] 

Note that there may be a difference between the easiness of injecting holes and 
electrons, and it is preferable that one of the charges is transported, although the 
transporting function indicated by mobility of the holes and electrons may vary. As a 
method of forming this light emitting layer, a known method such as, for example, a 
vapor-deposition method, a spin coating method, or an LB method can be applied. In 
particular, the light emitting layer is preferably a molecule deposition film. Here, the 
molecule deposition film refers to a thin film formed by depositing a material 
compound in a gaseous state or a film formed by solidifying a material compound in a 
solution state or a liquid state, and this molecule deposition film can be normally 
separated from a thin film (molecule accumulation film) formed by an LB method, 
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based on a difiference of an aggregation structure or a higher-order-stnicture or a 
functional difference due to it. 

[0026] 

As disclosed in Japanese Patent Laid-Open No. S57-51781, a light emitting 
layer can be formed by, after dissolving a binding agent such as a resin and a material 
compound in a solvent to form a liquid solution, making a thinner film of it by a spin 
coating method or the like. Although a material known as a long-lived light emitting 
material can be used as a material used for the light emitting layer, it is preferable to use 
the material indicated by Formula [1] as the light emitting material. 
[0027] 

[Chemical Formula 1] 

( Ar^L-4xO 

(In the formula, Ar^ denotes an aromatic ring having a nuclear carbon number of 6 - 50, 
and denotes a substituent. The m is an integer of 1 ~ 5 and n is an integer of 0 - 6. 
Note that, in the case of m a 2, each Ar^ may be the same or different, and in the case of 
n a 2, each may be the same or different. Preferably, the m is 1 ~ 2, and the n is 0 - 
4.) 

[0028] 

As a specific example of Ar\ a phenyl ring, a naphthyl ring, an anthracene ring, 
a biphenylene ring, an azulene ring, an acenaphthylene ring, a fluorene ring, a 
phenanthrene ring, a fluoranthene ring, an acephenanthrylene ring, a triphenylene ring, a 
pyrene ring, a chrysene ring, a naphthacene ring, a picene ring, a perylene ring, a 
pentaphene ring, a pentacene ring, a tetraphenylene ring, a hexaphene ring, a hexacene 
ring, a rubicene ring, a coronene ring, a trinaphthylene ring, or the like can be given. 
Preferably, a phenyl ring, a naphthyl ring, an anthracene ring, an acenaphthylene ring, a 
fluorene ring, a phenanthrene ring, a fluoranthene ring, a triphenylene ring, a pyrene 
ring, a chrysene ring, a perylene ring, a trinaphthylene ring, or the like can be given. 
Further preferably, a phenyl ring, a naphthyl ring, an anthracene ring, a fluorene ring, a 
phenanthrene ring, a fluoranthene ring, a pyrene ring, a dirysene ring, a perylene ring, 
or the like can be given. 
[0029] 

A specific example of X^ is a substituted or unsubstituted aromatic group 
having a nuclear carbon number of 6 ~ 50, a substituted or unsubstituted aromatic 
heterocyclic group having a nuclear carbon number of 5 - 50, a substituted or 
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unsubstituted alkyl group having a carbon number of 1 ~ 50, a substituted or 
unsubstituted alkoxy group having a carbon number of 1 ~ 50, a substituted or 
unsubstituted aralkyl group having a carbon number of 1 ~ 50, a substituted or 
unsubstituted aryloxy group having a nuclear carbon number of 5 ~ 50, a substituted or 
unsubstituted arylthio group having a nuclear carbon number of 5 ~ 50, a substituted or 
unsubstituted carboxyl group having a carbon number of 1 - 50, a substituted or 
unsubstituted styryl group, a halogen group, a cyano group, a nitro group, a hydroxyl 
group, or the like. 
[0030] 

As an example of the substituted or unsubstituted aromatic group having a 
nuclear carbon number of 6 ~ 50, a phenyl group, a 1-naphthyI group, a 2-naphthyl 
group, a 1-anthryl group, a 2-anthryl group, a 9-anthryl group, a 1-phenanthryl group, a 

2- phenanthryl group, a 3-phenanthryl group, a 4-phenanthryl group, a 9-phenanthryl 
group, a 1-naphthacenyl group, a 2-naphthacenyl group, a 9-naphthacenyl group, a 
1-pyrenyl group, a 2-pyrenyl group, a 4-pyrenyl group, a 2-biphenylyl group, a 

3- biphenyIyl group, a 4-biphenylyl group, a p-terphenyl-4-yl group, a p-terphenyl-3-yl 
group, a p-terphenyl-2-yl group, an m-terphenyl-4-yl group, an m-terphenyl-3-yl group, 
an m-terphenyl-2-yl group, an o-tolyl group, an m-tolyl group, a p-tolyl group, a 
p-t-butylphenyl group, a p-(2.phenylpropyl)phenyl group, a 3-methyl-2-naphthyl group, 
a 4-methyl-l-naphthyl group, a 4-methyM-anthryl group, a 4'-methylbiphcnylyl group, 
a 4"-t-butyl-p-terphenyl-4-yl group, a 2-fluorenyl group, a 9,9-dimethyl-2-fluorenyl 
group, a 3-fluoranthenyl group, or the like can be given. 

[0031] 

Preferably, a phenyl group, a 1-naphthyl group, a 2-naphthyl group, a 
9-phenanthryl group, a 1-naphthacenyl group, a 2-naphthacenyl group, a 9-naphthacenyl 
group, a 1-pyrenyl group, a 2-pyrenyl group, a 4-pyrenyl group, a 2-biphenylyl group, a 
3-biphenylyl group, a 4-biphenylyl group, an o-tolyl group, an m-toiyl group, a p-tolyl 
group, a p-t-butylphenyl group, a 2-fluorenyl group, a 9,9-dimethyl-2-fluorenyl group, a 
3-fluoranthenyl group, or the like can be given. 
[0032] 

As the substituted or unsubstituted aromatic heterocyclic group having a 
nuclear carbon number of 5 ~ 50, a l-pyrrolyl group, a 2-pyrrolyl group, a 3-pyrrolyl 
group, a pyrazinyl group, a 2-pyridinyl group, a 3-pyridinyl group, a 4-pyridinyl group, 
a 1-indolyl group, a 2-indolyl group, a 3-indolyl group, a 4-indolyl group, a 5-indolyl 
group, a 6-indolyl group, a 7-indolyl group, a 1-isoindolyl group, a 2-isoindolyl group, a 
3-isoindolyl group, a 4-isoindolyl group, a 5-isoindolyl group, a 6-isoindolyl group, a 
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7- isoindolyl group, a 2-furyl group, a 3-furyl group, a 2-benzofuranyl group, a 
3-benzofuranyl group, a 4-benzofuranyl group, a 5-benzofuranyl group, a 
6-benzofuranyl group, a 7-benzofuranyl group, a 1-isobenzofuranyl group, a 
3-isobenzofuranyl group, a 4-isobenzofuranyl group, a 5-isobenzofuranyl group, a 
6-isobenzofuranyl group, a 7-isobenzofuranyl group, a quinolyl group, a 3-quinolyl 
group, a 4-quinolyl group, a 5-quinolyl group, a 6-quinolyl group, a 7-quinolyl group, a 

8- quinolyl group, a 1-isoquinolyl group, a 3-isoquinolyl group, a 4-isoquinolyl group, a 
5-isoquinolyl group, a 6-isoquinolyl group, a 7-isoquinolyl group, a 8-isoquinolyl group, 
a 2-quinoxalinyl group, a 5-quinoxalinyl group, a 6-quinoxaliny] group, a 1-carbazolyl 
group, a 2-carbazolyl group, a 3-carbazolyl group, a 4-carbazolyI group, a 9-carbazolyl 
group, a 1-phenanthridinyl group, a 2-phenanthridinyl group, a 3-phenanthridinyl group, 
a 4-phenanthridinyl group, a 6-phenanthridinyl group, a 7-phenanthridinyl group, a 

8- phenanthridinyl group, a 9-phenanthridinyl group, a 10-phenanthridinyl group, a 
1-acridinyl group, a 2-acridinyl group, a 3-acridinyl group, a 4-acridinyl group, a 

9- acridinyl group, a l,7-phenanthrolin-2-yl group, a l,7-phenanthrolin-3-yl group, a 
l,7-phenanthrolin-4-yl group, a l,7-phenanthrolin-5-yl group, a l,7-phenanthrolin-6-yl 
group, a l,7-phenanthrolin-8-yl group, a l,7-phenanthrolin-9-yl group, a 

1.7- phenanthrolin-lO-yl group, a l,8-phenanthrolin-2-yl group, a l,8-phenanthrolin-3-yl 
group, a l,8-phenanthrolin-4-yl group, a l,8-phenanthrolin-5-yl group, a 

1.8- phenanthrolin-6-yl group, a l,8-phenanthrolin-7-yl group, a l,8-phenanthrolin-9-yl 
group, a 1,8-phenanthrolin-lO-yl group, a l,9-phenanthrolin-2-yl group, a 

1.9- phenanthrolm-3-yl group, a l,9-phenanthrolin-4-yl group, a l,9-phenanthrolin-5-yl 
group, a l,9-phenanthrolin-6-yl group, a l,9-phenanthrolin-7-yl group, a 

1.9- phenanthrolin-8-yl group, a 1,9-phenanthrolin-lO-yl group, a 

1.10- phenanthrolin-2-yl group, a l,10-phenanthrolin-3-yl group, a 
l,10-phenanthrolin-4-yl group, a l,10-phenanthrolin-5-yl group, a 
2,9-phenanthrolin-l-yl group, a 2,9-phenanthrolin-3-yl group, a 2,9-phenanthrolin-4-yl 
group, a 2,9-phenanthrolin-5-yl group, a 2,9-phenanthrolin-6-yl group, a 
2,9-phenanthrolin-7-yl group, a 2,9-phenanthrolin-8-yl group, a 2,9-phenanthrolin-lO-yl 
group, a 2,8-phenanthrolin-l-yl group, a 2,8-phenanthrolin-3-yl group, a 
2,8-phenanthrolin-4-yl group, a 2,8-phenanthrolin-5-yl group, a 2,8-phenanthrolin-6-yl 
group, a 2,8-phenanthrolin-7-yI group, a 2,8-phenanthrolin-9-yl group, a 
2,8-phenanthroIin-lO-yl group, a 2,7-phenanthrolin-l-yl group, a 2,7-phenanthrolin-3-yl 
group, a 2,7-phenanthrolin-4-yl group, a 2,7-phenanthrolin-5-yl group, a 
2,7-phenanthrolin-6-yl group, a 2,7-phenanthrolin-8-yl group, a 2,7-phenanthrolin-9-yl 
group, a 2,7-phenanthrolin-lO-yl group, a 1-phenazinyl group, a 2-phenazinyl group, a 
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1- phenothiazinyl group, a 2-phenothiazinyl group, a 3-phenothiazinyl group, a 
4-phenothiazinyl group, a 10-phenothiazinyl group, a 1-phenoxazinyl group, a 

2- phenoxazinyl group, a 3-phenoxazinyl group, a 4-phenoxazinyl group, a 
10-phenoxazinyl group, a 2-oxazolyl group, a 4-oxazolyl group, a 5-oxazolyl group, a 

2- oxadiazolyl group, a 5-oxadiazolyl group, a 3-furazanyl group, a 2-thienyl group, a 

3- thienyl group, a 2-methylpyrrol-l-yl group, a 2-methylpyrrol-3-yl group, a 

2- methyIpyrrol-4-yl group, a 2-methylpyrrol-5-yl group, a 3-methyIpyrrol-l-yl group, a 

3- methylpyrrol-2-yl group, a 3-methylpyrrol-4-yl group, a 3-methylpyiTol-5-yl group, a 
2-t-buthylpyrroI-4-yl group, a 3-(2-phenylpropyl)pyrrol-l-yl group, a 
2-methyl-l-indolyl group, a 4-methyl-l-indolyl group, a 2-methyl-3-indolyl group, a 

4- nicthyl-3-indolyl group, a 2-t-butyll-indolyl group, a 4-t-butyll-indolyl group, a 
2-t-butyl3-indolyl group, a 4-t-butyl3-indolyl group, or the like can be given. 

[0033] 

As the substituted or unsubstituted alkyl group having a carbon number of 1 ~ 
50, a methyl group, an ethyl group, a propyl group, an isopropyl group, an n-butyl 
group, an s-butyl group, an isobutyl group, a t-butyl group, an n-pentyl group, an 
n-hexyl group, an n-heptyl group, an n-octyl group, a hydroxymethyl group, a 

1- hydroxyethyl group, a 2-hydroxyethyl group, a 2-hydroxyisobutyl group, a 

1.2- dihydroxyethyI group, a 1,3-dihydroxyisopropyl group, a 2,3-dihydroxy-t-butyl 
group, a 1,2,3-trihydroxypropyl group, a chloromethyl group, a 1-chIoroethyl group, a 

2- chloroethyl group, a 2-chloroisobutyl group, a 1,2-dichloroethyl group, a 

1.3- dichloroisopropyl group, a 2,3-dichloro-t-butyl group, a 1,2,3-trichloropropyl group, 
a bromomethyl group, a 1-bromoethyl group, a 2-bromoethyl group, a 2-bromoisobutyl 
group, a 1,2-dibromoethyl group, a 1,3-dibromoisopropyl group, a 2,3-dibromo-t-butyl 
group, a 1,2,3-tribromopropyI group, an iodomethyl group, a 1-iodoethyl group, a 
2-iodoethyl group, a 2-iodoisobutyl group, a 1,2-diiodoethyl group, a 
1,3-diiodoisopropyl group, a 2,3-diiodo-t-butyl group, a 1,2,3-triiodopropyl group, an 
aminomethyl group, a 1-aminoethyl group, a 2-aminoethyl group, a 2-aminoisobutyl 
group, a 1,2-diaminoethyl group, a 1,3-diaminoisopropyl group, a 2,3-diamino-t-butyl 
group, a 1,2,3-triaminopropyl group, a cyanomethyl group, a 1-cyanoethyI group, a 
2-cyanoethyl group, a 2-cyanoisobutyl group, a 1,2-dicyanoethyI group, a 
1,3-dicyanoisopropyl group, a 2,3-dicyano-t-butyl group, a 1,2,3-tricyanopropyl group, 
a nitromethyl group, a l-nitroethyl group, a 2-nitroethyl group, a 2-nitroisobutyI group, 
a 1,2-dinitroethyl group, a 1,3-dinitroisopropyl group, a 2,3-dinitro-t-butyl group, a 
1,2,3-trinitropropyl group, a cyclopropyl group, a cyclobutyl group, a cyclopentyl group, 
a cyclohexyl group, a 4-methylcyclohexyl group, a 1-adamantyI group, a 2-adamantyl 
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group, a l-norbomyl group, a 2-norbomyl group, or the like can be given. 
[0034] 

The substituted or unsubstituted alkoxy group having a carbon number of 1 - 
50 is a group indicated by -OY, and as an example of the Y, a methyl group, an ethyl 
group, a propyl group, an isopropyl group, an n-butyl group, an s-butyl group, an 
isobutyl group, a t-butyl group, an n-pentyl group, an n-hexyl group, an n-heptyl group, 
an n-octyl group, a hydroxymethyl group, a 1-hydroxyethyl group, a 2-hydroxyethyI 
group, a 2-hydroxyisobutyl group, a 1,2-dihydroxyethyl group, a 
1,3-dihydroxyisopropyl group, a 2,3-dihydroxy-t-butyl group, a 1,2,3-trihydroxypropyl 
group, a chloromethyl group, a 1-chloroethyl group, a 2-chloroethyl group, a 
2-chIoroisobutyl group, a 1,2-dichloroethyl group, a 1,3-dichloroisopropyl group, a 
2,3-dichloro-t-butyl group, a 1,2,3-trichloropropyl group, a bromomethyl group, a 
l-bromoethyl group, a 2-bromoethyl group, a 2-bromoisobutyl group, a 

1.2- dibromoethyl group, a 1,3-dibromoisopropyl group, a 2,3-dibronio-t-butyl group, a 
1,2,3-tribromopropyl group, an iodomethyl group, a 1-iodoethyl group, a 2-iodoethyl 
group, a 2-iodoisobutyl group, a 1,2-diiodoethyl group, a 1,3-diiodoisopropyl group, a 

2.3- diiodo-t-butyl group, a 1,2,3-triiodopropyl group, an aminomethyl group, a 
1-aminoethyl group, a 2-aminoethyl group, a 2-aniinoisobutyl group, a 1,2-diaminoethyl 
group, a 1,3-dianiinoisopropyl group, a 2,3-diamino-t-butyl group, a 
1,2,3-triaminopropyl group, a cyanomethyl group, a 1-cyanoethyl group, a 2-cyanoethyl 
group, a 2-cyanoisobutyl group, a 1,2-dicyanoethyl group, a 1,3-dicyanoisopropyl group, 
a 2,3-dicyano-t-butyl group, a 1,2,3-tricyanopropyl group, a nitromethyl group, a 
l-nitroethyl group, a 2-nitroethyl group, a 2-nitroisobutyl group, a 1,2-dinitroethyl 
group, a 1,3-dinitroisopropyl group, a 2,3-dinitro-t-butyl group, a 1,2,3-trinitropropyl 
group, or the like can be given. 

[0035] 

As an example of the substituted or unsubstituted aralkyl group having a 
carbon number of 1 ~ 50, a benzyl group, a 1-phenylethyl group, a 2-phenylethyl group, 
a 1-phenylisopropyl group, a 2-phenylisopropyl group, a phenyl-t-butyl group, an 
a-naphthylmethyl group, a 1-a-naphthylethyl group, a 2-a-naphthylethyl group, a 
1-a-naphthylisopropyl group, a 2-a-naphthylisopropyl group, a p-naphthylmethyl 
group, a 1-p-naphthylethyl group, a 2-p-naphthylethyl group, a 1-p-naphthyIisopiopyl 
group, a 2-P-naphthylisopropyl group, a l-pyrrolylmethyl group, a 2-(l-pyrrolyl)ethyl 
group, a p-methylbenzyl group, a m-methylbenzyl group, an o-methylbenzyl group, a 
p-chlorobenzyl group, an m-chlorobenzyl group, an o-chlorobenzyl group, a 
p-bromobenzyl group, an m-bromobenzyl group, an o-bromobenzyl group, a 
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p-iodobcnzyl group, an m-iodobenzyl group, an o-iodobenzyl group, a p-hydroxybenzyl 
group, an m-hydroxybenzyl group, an o-hydroxybenzyl group, a p-aminobenzyl group, 
an m-aminobenzyl group, an o-aminobenzyl group, a p-nitrobenzyl group, an 
m-nitrobenzyl group, an o-nitrobenzyl group, a p-cyanobenzyl group, an m-cyanobenzyl 
group, an o-cyanobenzyl group, a l-hydroxy-2-phenylisopropyl group, a 
l-chloro-2-phenylisopropyl group, or the like can be given. 
[0036] 

The substituted or unsubstituted aryloxy group having a nuclear carbon number 
of 5 - 50 is indicated by -OY', and as an example of the Y', a phenyl group, a 

1- naphthyl group, a 2-naphthyl group, a 1-anthryl group, a 2-anthryl group, a 9-anthryl 
group, a l-phenanthryl group, a 2-phenanthryl group, a 3-phenanthryI group, a 
4-phenanthryI group, a 9-phenanthryl group, a 1-naphthacenyl group, a 2-naphthacenyl 
group, a 9-naphthacenyl group, a 1-pyrenyl group, a 2-pyrenyl group, a 4-pyrenyl group, 
a 2-biphenylyl group, a 3-biphenylyl group, a 4-biphenylyl group, a p-terphenyl-4-yl 
group, a p-terphenyl-3-yl group, a p-terphenyl-2-yl group, an m-terphenyl-4-yl group, 
an m-terphenyl-3-yl group, an m-terphenyl-2-yl group, an o-tolyl group, an m-tolyl 
group, a p-tolyl group, a p-t-butylphenyl group, a p-(2-phenylpropyl)phenyl group, a 
3-methyl-2-naphthyl group, a 4-methyl-l-naphthyl group, a 4-methyl-l-anthryl group, a 
4'-methylbiphenylyl group, a 4"-t-butyl-p-terphenyl-4-yl group, a 2-pyrrolyI group, a 

3- pyrrolyl group, a pyrazinyl group, a 2-pyridinyl group, a 3-pyridinyl group, a 

4- pyridinyl group, a 2-indolyl group, a 3-indolyl group, a 4-indolyl group, a 5-indolyl 
group, a 6-indolyl group, a 7-indolyl group, a 1-isoindolyl group, a 3-isoindolyl group, a 
4-isoindolyl group, a 5-isoindolyl group, a 6-isoindolyl group, a 7-isoindolyl group, a 

2- furyl group, a 3-furyl group, a 2-benzofuranyl group, a 3-benzofuranyl group, a 
4-benzofuranyl group, a 5-benzofuranyl group, a 6-benzofuranyl group, a 
7-benzofuranyl group, a 1-isobenzofuranyl group, a 3-isobenzofuranyl group, a 

4- isobenzofuranyl group, a 5-isobenzofuranyl group, a 6-isobenzofuranyl group, a 
7-isobenzofuranyl group, a 2-quinolyl group, a 3-quinolyl group, a 4-quinolyl group, a 

5- quinolyl group, a 6-quinolyl group, a 7-quinolyl group, a 8-quinblyl group, a 

1- isoquinolyl group, a 3-isoquinolyl group, a 4-isoquinolyl group, a 5-isoquinolyl group, 
a 6-isoquinolyl group, a 7-isoquinolyl group, a 8-isoquinolyl group, a 2-quinoxalinyl 
group, a 5-quinoxalinyI group, a 6-quinoxalinyl group, a 1-carbazoIyl group, a 

2- carbazolyl group, a 3-carbazolyl group, a 4-carbazolyl group, a 1-phenanthridinyl 
group, a 2-phenanthridinyI group, a 3-phenanthridinyI group, a 4-phenanthridinyl group, 
a 6-phenanthridinyl group, a 7-phenanthridinyl group, a 8-phenanthridinyl group, a 
9-phenanthridinyl group, a 10-phenanthridinyl group, a 1-acridinyl group, a 2-acridinyl 
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group, a 3-acridinyl group, a 4-acridinyl group, a 9-acridinyl group, a 
l,7-phenanthrolin-2-yl group, a l,7-phenanthrolin-3-yl group, a l,7-phenanthrolin-4-yl 
group, a l,7-phenanthrolin-5-yl group, a l,7-phenanthrolin-6-yl group, a 

1.7- phenanthrolin-8-yl group, a l,7-phenanthrolin-9-yl group, a 1,7-phenanthrolin-lO-yl 
group, a l,8-phenanthrolin-2-yl group, a l,8-phenanthrolin-3-yl group, a 

1.8- phenanthrolin-4-yl group, a l,8-phenanthrolin-5-yl group, a l,8-phenanthrolin-6-yl 
group, a l,8-phenanthrolin-7-yl group, a l,8-phenaiithrolin-9-yl group, a 

1.8- phenanthrolin-lO-yl group, a l,9-phenanthrolin-2-yl group, a l,9-phenanthrolin-3-yl 
group, a l,9-phendnthrolin-4-yl group, a l,9-phenanthrolin-5-yl group, a 

1.9- phenanthrblin-6-yl group, a l,9-phenanthrolin-7-yI group, a l,9-phenanthrolin-8-yl 
group, a 1,9-phenanthrolin-lO-yI group, a l,10-phenanthrolin-2-yl group, a 

1.10- phenanthrolin-3-yl group, a l,10-phenanthTolin-4-yl group, a 
l,10-phenanthrolin-5-yl group, a 2,9-phenanthroIin-l-yl group, a 2,9-phenanthrolin-3-yl 
group, a 2,9-phenanthrolin-4-yl group, a 2,9-phenanthrolin-5-yl group, a 
2,9-phenanthrolin-6-yl group, a 2,9-phenanthrolin-7-yl group, a 2,9-phenanthrolm-8-yl 
group, a 2,9-phenanthroliii-lO-yl group, a 2,8-phenanthrolin-l-yl group, a 
2,8-phenanthrolin-3-yl group, a 2,8-phenanthrolin-4-yl group, a 2,8-phenanthrolin-5-yl 
group, a 2,8-phenanthrolin-6-yl group, a 2,8-phenanthroHn-7-yl group, a 
2,8-phenanthrolin-9-yl group, a 2,8-phenanthroIin-lO-yl group, a 2,7-phenanthrolin-l-yl 
group, a 2,7-phenanthrolin-3-yl group, a 2,7-phenanthrolin-4-yl group, a 
2,7-phenanthrolin-5-yl group, a 2,7-phenanthrolin-6-yl group, a 2,7-phenanthrolin-8-yl 
group, a 2,7-phenanthrolin-9-yl group, a 2,7-phenanthrolin-lO-yl group, a 1-phenazinyl 
group, a 2-phenazinyl group, a 1-phenothiazinyl group, a 2-phenothiazinyl group, a 
3-phenothiazinyl group, a 4-phenothiazmyl group, a 1-phenoxazinyl group, a 

2- phenoxazinyl group, a 3-phenoxazinyl group, a 4-phenoxazinyl group, a 2-oxazolyl 
group, a 4-oxazolyl group, a 5-oxazolyl group, a 2-oxadiazolyl group, a 5-oxadiazolyl 
group, a 3-furazanyl group, a 2-thienyl group, a 3-thienyl group, a 2-methylpyrTol-l-yl 
group, a 2-methylpyrroI-3-yl group, a 2-niethyIpyrrol-4-yl group, a 2-methylpyrrol-5-yl 
group, a 3-methylpyrrol-l-yl group, a 3-inethylpyrrol-2-yl group, a 3-methylpyrrol-4-yl 
group, a 3-methylpyrrol-5-yl group, a 2-t-buthylpyrrol-4-yl group, a 

3- (2-phenylpropyl)pyrrol-l-yl group, a 2-methyl-l-indolyl group, a 4-methyl-l-indolyl 
group, a 2-methyl-3-indolyl group, a 4-methyl-3-indolyl group, a 2-t-butyll-indolyl 
group, a 4-t-butyll-mdolyl group, a 2-t-butyl3-indolyl group, a 4-t-butyl3-indolyl group, 
or the like can be given. 

[0037] 

The substituted or luisubstituted arylthio group having a nuclear carbon number 
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of 5 ~ 50 is indicated by -SY", and as an example of the Y", a phenyl group, a 

1- naphthyl group, a 2-naphthyl group, a 1-anthryl group, a 2-anthryl group, a 9-anthryl 
group, a 1-phenanthryl group, a 2-phenanthryl group, a 3-phenanthryl group, a 
4-phenanthryl group, a 9-phenanthryl group, a 1-naphthacenyl group, a 2-naphthacenyl 
group, a 9-naphthacenyl group, a 1-pyrenyl group, a 2-pyrenyl group, a 4-pyrenyl group, 
a 2-biphenylyl group, a 3-biphenylyl group, a 4-biphenylyl group, a p-terphenyl-4-yl 
group, a p-terphenyl-3-yl group, a p-terphenyl-2-yl group, an m-terphenyl-4-yl group, 
an m-terphenyl-3-yl group, an ni-terphenyl-2-yl group, an o-tolyl group, an m-tolyl 
group, a p-tolyl group, a p-t-butylphenyl group, a p-(2-phenyIpropyl)phenyl group, a 
3-methyl-2-naphthyl group, a 4-methyl-l-naphthyl group, a 4-methyl- 1-anthryl group, a 
4'-methyIbiphenylyl group, a 4"-t-butyl-p-terphenyl-4-yl group, a 2-pyrrolyl group, a 

3- pyrrolyl group, a pyrazinyl group, a 2-pyridinyl group, a 3-pyridinyl group, a 

4- pyridinyl group, a 2-indolyl group, a 3-indolyl group, a 4-indolyl group, a 5-indolyl 
group, a 6-indolyl group, a 7-indoIyl group, a 1-isoindolyl group, a 3-isoindolyl group, a 
4-isoindolyl group, a 5-isoindolyl group, a 6-isoindolyl group, a 7-isoindolyl group, a 

2- furyl group, a 3-furyl group, a 2-benzofuranyl group, a 3-benzofuranyl group, a 
4-benzofiiranyl group, a 5-benzofiiranyl group, a 6-benzofuranyl group, a 
7-benzofuranyl group, a 1-isobenzofuranyl group, a 3-isobenzofuranyl group, a 

4- isobenzofuranyl group, a 5-isobenzofuranyl group, a 6-isobenzofuranyl group, a 
7-isobenzofuranyl group, a 2-quinolyI group, a 3-quinolyl group, a 4-quinolyl group, a 

5- quinolyl group, a 6-quinolyl group, a 7-quinolyl group, a 8-quinoIyl group, a 

1- isoquinoIyl group, a 3-isoquinolyl group, a 4-isoquinolyl group, a 5-isoquinolyl group, 
a 6-isoquinolyl group, a 7-isoquinolyl group, a 8-isoquinolyl group, a 2-quinoxalinyl 
group, a 5-quinoxalinyl group, a 6-quinoxalinyl group, a l-carbazolyl group, a 

2- carbazolyl group, a 3-carbazolyl group, a 4-carbazolyl group, a 1-phenanthridinyl 
group, a 2-phenanthridinyl group, a 3-phenanthridinyl group, a 4-phenanthridinyl group, 
a 6-phenanthridinyl group, a 7-phenanthridinyl group, a 8-phenanthridinyl group, a 
9-phenanthridinyl group, a lO-phenanthridinyl group, a 1-acridinyl group, a 2-acridinyl 
group, a 3-acridinyl group, a 4-acridinyl group, a 9-acridinyl group, a 
l,7-phenanthrolin-2-yl group, a l,7-phenanthrolin-3-yl ^oup, a l,7-phenanthrolin-4-yl 
group, a l,7-phenanthroIin-5-yl group, a l,7-phenanthrolin-6-yl group, a 

1.7- phenanthrolin-8-yl group, a l,7-phenanthrolin-9-yl group, a 1,7-phenanthrolin-lO-yl 
group, a l,8-phenanthrolin-2-yl group, a l,8-phenanthrolin-3-yl group, a 

1.8- phenanthroiin-4-yl group, a l,8-phenanthroHn-5-yl group, a l,8-phenanthrolin-6-yl 
group, a l,8-phenanthrolin-7-yl group, a l,8-phenanthrolin-9-yl group, a 
1,8-phenanthrolin-lO-yl group, a l,9-phenanthrolin-2-yl group, a l,9-phenanthrolin-3-yl 
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group, a l,9-phenanthroIin-4-yl group, a l,9-phenanthrolin-5-yl group, a 

1.9- phenanthrolin-6-yl group, a l,9-phenanthrolin-7-yl group, a l,9-phenanthrolin-8-yl 
group, a 1,9-phenanthrolin-lO-yl group, a l,10-phenanthrolin-2-yl group, a 

1.10- phenanthrolin-3-yl group, a l,10-phenanthrolin-4-yl group, a 
l,10-phenanthrolin-5-yl group, a 2,9-phenanthrolin-l-yl group, a 2,9-phenanthrolin-3-yI 
group, a 2,9-phenanthrolin-4-yl group, a 2,9-phenanthrolui-5-yl group, a 
2,9-phenanthrolin-6-yl group, a 2,9-phenanthrolin-7-yl group, a 2,9-phenanthrolin-8-yl 
group, a 2,9-phenanthrolin-lO-yl group, a 2,8-phenaiithrolin-l-yl group, a 
2,8-phenanthrolin-3-yl group, a 2,8-phenanthrolin-4-yl group, a 2,8-phenanthrolin-5-yl 
group, a 2,8-phenanthrolin-6-yl group, a 2,8-phenanthrolin-7-yl group, a 
2,8-phenanthrolin-9-yl group, a 2,8-phenanthrolin-lO-yl group, a 2,7-phenanthrolin-l-yl 
group, a 2,7-phenanthrolin-3-yl group, a 2,7-phenanthrolin-4-yl group, a 
2,7-phenanthrolin-5-yl group, a 2,7-phenanthrolin-6-y] group, a 2,7-phenanthroIin-8-yl 
group, a 2,7-phenanthro!in-9-yl group, a 2,7-phenanthrolin-lO-yl group, a 1-phenazinyl 
group, a 2-phenazinyl group, a 1-phenothiazinyl group, a 2-phenothiazinyl group, a 
3-phenothiazinyl group, a 4-phenothiazinyl group, a 1-phenoxazinyl group, a 

2- phenoxazinyl group, a 3-phenoxazinyl group, a 4-phenoxazinyl group, a 2-oxazolyl 
group, a 4-oxazolyl group, a 5-oxazolyl group, a 2-oxadiazolyl group, a 5-oxadiazolyl 
group, a 3-furazanyl group, a 2-thienyl group, a 3-thienyl group, a 2-methylpyrrol-l-yl 
group, a 2-methylpyrrol-3-yl group, a 2-methylpynol-4-yI group, a 2-methylpyrrol-5-yl 
group, a 3-methylpyrrol-l-yl group, a 3-methylpyrrol-2-yl group, a 3-methylpyrrol-4-yl 
group, a 3-inethylpyrrol-5-yl group, a 2-t-buthylpyrroI-4-yl group, a 

3- (2-phenylpropyl)pyrrol-l-yl group, a 2-methyl-l-indolyl group, a 4-methyl-l-indoIyl 
group, a 2-niethyl-3-indolyl group, a 4-methyl-3-indolyl group, a 2-t-butyll-indolyl 
group, a 4-t-butyll-indolyl group, a 2-t-butyl3-indolyl group, a 4-t-butyl3-indolyl group, 
or the like can be given. 

[0038] 

The substituted or unsubstituted carboxyl group having a carbon number of 1 ~ 
50 is indicated by -COOZ, and as an example of the Z, a methyl group, an ethyl group, 
a propyl group, an isopropyl group, an n-butyl group, an s-butyl group, an isobutyl 
group, a t-butyl group, an n-pentyl group, an n-hexyl group, an n-heptyl group, an 
n-octyl group, a hydroxymethyl group, a 1-hydroxyethyl group, a 2-hydroxyethyl group, 
a 2-hydroxyisobutyl group, a 1,2-dihydroxyethyl group, a 1,3-dihydroxyisopropyl group, 
a 2,3-dihydroxy-t-butyI group, a 1,2,3-trihydroxypropyI group, a chloromethyl group, a 
1-chloroethyl group, a 2-chloroethyl group, a 2-chloroisobutyl group, a 
1,2-dichloroethyl group, a 1,3-dichloroisopropyl group, a 2,3-dichloro-t-butyl group, a 
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1,2,3-trichloropropyI group, a bromomethyl group, a l-bromoethyl group, a 
2-bromoethyl group, a 2-bromoisobutyl group, a 1,2-dibromoethyl group, a 
1,3-dibromoisopropyl group, a 2,3-dibromo-t-butyl group, a 1,2,3-tribroinopropyl group, 
an iodomethyl group, a 1-iodoethyl group, a 2-iodoethyl group, a 2-iodoisobutyl group, 
a 1,2-diiodoethyl group, a 1,3-diiodoisopropyl group, a 2,3-diiodo-t-butyI group, a 
1,2,3-triiodopropyl group, an aminomethyl group, a l-aminoethyl group, a 2-aminoethyl 
group, a 2-aminoisobulyl group, a 1,2-diaininoethyl group, a 1,3-diaminoisopropyl 
group, a 2,3-diamino-t-butyl group, a 1,2,3-tiiaminopropyl group, a cyanomethyl group, 
a 1-cyanoethyl group, a 2-cyanoethyl group, a 2-cyanoisobutyl group, a 

1.2- dicyanoethyl group, a 1,3-dicyanoisopropyl group, a 2,3-dicyano-t-butyl group, a 
1,2,3-tricyanopropyl group, a nitromethyl group, a 1-nitroethyl group, a 2-nitroethyl 
group, a 2-nitroisobutyl group, a 1,2-dinitroethyl group, a 1,3-dinitroisopropyl group, a 

2.3- dinitro-t-butyl group, a 1,2,3-trinitropropyl group, or the like can be given, 
[0039] 

As an example of the substituted or unsubstltuted styryl group, a 
2-phenyl-l -vinyl group, a 2,2-diphenyl-l -vinyl group, a 1,2,2-triphenyl-l-vinyl group, 
or the like can be given. As an example of the halogen group, fluorine, chlorine, 
bromine, iodine, or the like can be given. A specific example of the above compound 
is shown below. 
[0040] 

In addition, a metal complex such as a 8-hydroxyquinolinolaluminum complex, 
or a heterocyclic compound such as 4,4'-bis(carbazole-9-yl)-l,l'-biphenyl is also 
preferable. A specific example of the above compound is shown below. 
[0041] 

[Chemical Formula 2] 
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[0042] 

light emitting pcrfonnance of the light emitting layer can be improved by 
further adding a small amount of a fluorescent compound as a dopant. As such a 
dopant, a material known as a long-lived light emitting material can be each used; 
however, the material indicated by Formula [2] is preferably used as a dopant material 

of the light emitting material. 
[0043] 

[Chemical Foraiula 3] 
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m 



(In the formula, the Ar^ ~ Ai'* denote substituted or unsubstituted aromatic groups 
having a nuclear carbon number of 6 ~ 50 or substituted or unsubstituted styryl groups. 
The p is an integer of 1 ~ 4, aiid in the case of p a 2, each Ar' and Ar'* may be the same 
or different.) 
[0044] 

As an example of the substituted or unsubstituted aromatic group having a 
nuclear carbon number of 6 ~ 50, a phenyl group, a 1-naphthyl group, a 2-naphthyl 
group, a l-anthryl group, a 2-anthryl group, a 9-anthryl group, a 1-phenanthryl group, a 

2- phenanthryl group, a 3-phenanthryl group, a 4-phenanthryl group, a 9-phenanthryl 
group, a 1-naphthacenyl group, a 2-naphthacenyl group, a 9-naphthacenyl group, a 

1- pyrenyI group, a 2-pyrenyl group, a 4-pyrenyl group, a 2-biphenylyl group, a 

3- biphenylyl group, a 4-biphenylyl group, a p-terphenyl-4-yl group, a p-terphenyl-3-yl 
group, a p-terphenyl-2-yl group, an m-terphenyl-4-yl group, an m-terphenyl-3-yl group, 
an m-terphenyl-2-yl group, an o-tolyl group, an m-tolyl group, a p-tolyl group, a 
p-t-butylphenyl group, a p-(2-phenylpropyl)phenyl group, a 3-methyl-2-naphthyl group, 
a 4-methyl-l-naphthyl group, a 4-methyl-l-anthryl group, a 4'-methylbiphenylyl group, 
a 4"-t-butyl-p-terphenyl-4-yl group, a 2-fluorenyl group, a 9,9-dimethyl-2-fluorenyl 
group, a 3-fluoranthenyl group, or the like can be given. 

[0045] 

Preferably, a phenyl group, a 1-naphthyl group, a 2-naphthyl group, a 
9-phenanthryl group, a 1-naphthacenyl group, a 2-naphthacenyl group, a 9-naphthacenyl 
group, a 1-pyrenyl group, a 2-pyrenyl group, a 4-pyrenyl group, a 2-biphenylyl group, a 
3-biphenylyl group, a 4-biphenylyl group, an o-tolyl group, an m-tolyl group, a p-tolyl 
group, a p-t-butylphenyl group, a 2-fluorenyl group, a 9,9-dimethyl-2-fluorenyl group, a 
3-fluoranthenyl group, or the like can be given. 
[0046] 

As an example of the substituted or unsubstituted styryl group, a 

2- phenyl-l-vinyl group, a 2,2-diphenyl-l -vinyl group, a 1,2,2-triphenyl-l-vinyl group, 
or the like can be given. 

[0047] 
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In addition, for example, a condensed aromatics such as nibrene, a metal 
complex such as Ir(ppy)3, and further a fluorescent dye such as coumarine or DCJTB 
may be added. A specific example of the above compound is shown below. 

[0048] 

[Chemical Formula 4] 
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The hole transporting band includes at least one hole transporting layer or the 
above-described laminated hole transporting layers with the inorganic compound layer 
interposed therebetween, and it Includes a hole injection layer or the like if necessary. 
The hole transporting layer is a layer which supports the injection of holes to the light 
emitting layer and performs transportation to a light emitting region, and it has a high 
hole mobility and normally has a small ionization energy of 5.5 eV or less. For such a 
hole transporting layer, a material which transports holes to a light emitting layer with 
less electric field intensity is preferable, and it is further preferable that, for example, a 
hole mobility is at least 10 * cm^A'^'Sec when applying an electric field of 10* ~ 10^ 
V/cm. 
[0050] 

As a material of forming the hole transporting layer, there is no particular 
limitation as long as it has the aforementioned prefened properties, and an arbitrary 
material selected from a common material used conventionally as a charge transporting 
material for holes in photoconductive materials or a known material used for a hole 
injection layer of an organic EL element, can be used. As a specific example, for 
example, a triazole derivative (ref. U.S. Patent 3,112,197 specification or the like), an 
oxadiazole derivative (ref. U.S. Patent 3,189,447 specification or the like), an imidazole 
derivative (ref. Examined Patent Publication No. S37-16096 or die like), a 
polyarylalkane derivative (ref. U.S. Patent No. 3,615,402 specification, No. 3,820,989th 
specification, No. 3,542,544 specification, Examined Patent Publication No. S45-555, 
No. 51-10983, Japanese Patent Laid-Open No. S51-93224, No. 55-17105, No. 56-4148, 
No. 55-108667, No. 55-156953, No. 56-36656, or the like), a pytazoline derivative and 
a pyrazolone derivative (ref. U.S. Patent No. 3,180,729 specification, No. 4,278,746 
specification, Japanese Patent Laid-Open No. S55-88064, No. 55-88065, No. 
49-105537, No. 55-51086, No. 56-80051, No. 56-88141, No. 57-45545, No. 54-112637, 
No. 55-74546, or the like), a phenylenediamine derivative (ref. U.S. Patent No. 
3,615,404 specification. Examined Patent Publication No. S51-10105, No. 46-3712, No. 
47-25336, Japanese Patent Laid-Open No. S54-53435, No. 54-110536, No. 54-119925, 
or the like), an arylamine derivative (ref. U.S. Patent No. 3,567,450 specification, No. 
3,180,703 specification, No. 3,240,597 specification. No. 3,658,520 specification, No. 
4,232,103 specification. No. 4,175,961 specification. No. 4,012,376 specification. 
Examined Patent Publication No. S49-35702, No. 39-27577, Japanese Patent Laid-Open 
No. S55-144250, No. 56-119132, No. 56-22437, West Germany Patent No. 1,110,518 
specification, or the like), an amino-substituted chalcone derivative (ref. U.S. Patent No. 
3,526,501 specificatidn), an oxazole derivative (tiiat disclosed in U.S. Patent No. 
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3,257,203 specification or the like), a styrylanthracene derivative (ref. Japanese Patent 
Laid-Open No. S56-46234 or the like), a fluorenone derivative (ref. Japanese Patent 
Laid-open No. S54-110837 or the like), a hydrazone derivative (ref. U.S. Patent No. 
3,717,462 specification, Japanese Patent Laid-Open No. S54-59143, No. 55-52063, No. 
55-52064, No. 55-46760, No. 55-85495, No. 57-11350, No. 57-148749, Japanese Patent 
Laid-Open No. H2-311591, or the like), a stilbene derivative (ref. Japanese Patent 
Laid-Open No. S61-210363, No. 61-228451, No. 61-14642, No. 61-72255, No. 
62-47646, No. 62-36674, No. 62-10652, No. 62-30255, No. 60-93455, No. 60-94462, 
No. 60-174749, No. 60-175052, or the like), a silazane derivative (U.S. Patent No. 
4,950,950 specification), a polysilane system (Japanese Patent Laid-Open No. 
H2-204996), an aniline-type copolymer (Japanese Patent Laid-Open No. H2-282263), a 
conductive polymer oligomer (specifically, thiophen oligomer) disclosed in Japanese 
Patent Laid-Open No. Hl-211399, or the like can be given. 
[0051] 

In order to further support the injection of holes, the hole transporting band can 
also be provided with another hole injection layer. As a material of the hole injection 
layer, although a similar material as that of the above-mentioned hole transporting layer 
can be used, it is preferable to use a porphyrin compound (that disclosed in Japanese 
Patent Laid-Open No. S63-2956965), an aromatic tertiary amine compound and a 
styrylamine compound (ref. U.S. Patent No. 4,127,412 specification, Japanese Patent 
Laid-Open No. S53-27033, No. 54-58445, No. 54-149634, No. 54-64299, No. 55-79450, 
No. 55-144250, No. 56-119132, No. 61-295558, No. 61-98353, No. 63-295695, or the 
like), particularly the aromatic tertiary amine compound. 
[0052] 

In addition, for example, 4,4'-bis(N-(l-naphtyl)-N-phenylamino)biphenyl 
(hereinafter, abbreviated as NPD) which has two fused aromatic rings in a molecule, 
described in U.S. Patent No. 5,061,569, 

4,4' 4"-tris(N-(3-methylphenyl)-N-phenylamino)triphenylamme (hereinafter, 
abbreviated as MTDATA) in which three triphenylamine units are connected in a 
starburst shape, disclosed in Japanese Patent Laid-Open No. H4-308688, or the like can 
be given. In addition to an aromatic dimethylidyne-based compound, an inorganic 
compound of p-type Si, p-type SiC, or the like can also be used as the material of the 
hole injection layer. 
[0053] 

The hole transporting layer and the hole injection layer can be formed by 
making a thinner film of the above-described compound by a known method, for 
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example, a vacuum vapor-deposition method, a spin coating method, a cast method, an 
LB method, or the like. A film thickness of each layer of the hole transporting layer is 
not particularly limited; however, it is normally 5 nm ~ 5 \im. The hole transporting 
layer may be formed from one kind or two or more kinds of the materials described 
above, and in the case of having two or more hole transporting layers, each may be a 
hole transporting layer formed from a different kind of the compound. 
[0054] 

In addition, an organic semiconductor layer, which is also a part of the hole 
transporting layer, is a layer for supporting the injection of holes or the injection of 
electrons to the light emitting layer, and preferably has a conductivity of 10'*° S/cm or 
more. As a material of such an organic semiconductor layer, a conductive oligomer 
such as an oligomer containing thiophen or an oligomer containing arylamine disclosed 
in Japanese Patent Laid-Open No. H8-193191 or a conductive dendrimer such as a 
dendrimer containing arylamine can be used. 
[0055] 

(6) Electron Transporting Band 

The electron transporting band includes at least one electron transporting layer 
or the above-described laminated electron transporting layers with the inorganic 
compound layer interposed therebetween, and it includes an electron injection layer or 
the like if necessary. The electron transporting layer is a layer which supports the 
injection of electrons to the light emitting layer and has a high electron mobility, and the 
attachment improvement layer is a layer made of a material showing particularly good 
attachment to the cathode, in this electron transporting layer. As a material of the 
electron transporting layer, a metal complex of 8-hydroxyquinoline or a derivative 
threof is preferable. As a specific example of the above-mentioned metal complex of 
8-hydroxyquinoline or a derivative thereof, a metal chelate oxinoid compound 
containing chelate of oxine (generally, 8-quinolinol or 8-hydroxyquinoline) can be 
given. For example, a (8-quinolinolato)aluminum complex (Alq) can be used for the 
electron transporting layer. On the other hand, as the oxadiazole derivative, electron 
transfer compounds shown by following Formula [3] ~ Formula [5] can be given. 
[0056] 

[Chemical Formula 5] 
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[3] 



14] 





m 



(In the formulas, Ar', Ar^ Ar', Ar', Ar'", and Ar'^ each denote substituted or 
unsubstituted aryl groups, and may be the same or different from each other. In 
addition, Ar^, Ar", and Ar'^ denote substituted or unsubstituted arylene groups, and 
each may be the same of different.) 



Here, as the aryl group, a phenyl group, a biphenyl group, an anthranil group, a 
peryrenyl group, a pyrenyl group can be given. In addition, as the arylene group, a 
phenylene group, a naphthylen group, a biphenylene group, an anthranilen group, a 
perylenylene group, a pyrenylen group, or the like can be given. Further, as a 
substituent, an alkyi group having a carbon number of 1 - 10, an alkoxy group or a 
cyano group having a carbon number of 1 ~ 10, or the like can be given. This electron 
transfer compound is preferably a material having a property of forming a thin film. 
As a specific example of the above electron transfer compound, the following material 
can be given. 



[0057] 



[0058] 

[Chemical Formula 6] 
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[0059] 

In a preferred mode of the present invention, there exists an element containing 
a reducing dopant in a region of transporting electrons or an interface region between 
the cathode and the organic layer. Here, the reducing dopant is defined as a substance 
which can reduce an electron transporting compound. Accordingly, various substances 
can be used as long as they have a certain reducing property, and at least one substance 
selected from a group made of, for example, alkali metal, alkaline earth metal, 
rare-earth metal, an oxide of alkali metal, a halide of alkali metal, an oxide of alkaline 
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earth metal, a halide of alkaline earth metal, an oxide of rare-earth metal, a halide of 
rare-earth metal, an organic complex of alkali metal, an organic complex of alkaline 
earth metal, and an organic complex of rare-earth metal, can be preferably used. 
[0060] 

In addition, more specifically, as a preferred reducing dopant, at least one alkali 
metal selected from a group made of Na (work function: 2.36 eV), K (work function: 
2.28 eV), Rb (work function: 2,16 eV), and Cs (work function: 1.95 eV), or at least one 
alkaline earth metal selected from a group made of Ca (work function: 2.9eV), Sr (work 
function: 2.0 ~ 2.5 eV), and Ba (work function: 2.52 eV) can be given, and it is 
particularly preferable to have a work function of 2.9 eV or less. In these materials, a 
more preferred reducing dopant is at least one alkali metal selected &om a group made 
of K, Rb, and Cs, and Rb or Cs is further preferable, and Cs is the most preferable. 
These alkali metals have a high reducing ability, and it is attempted to improve 
brightness of light emission or increase a length of life in an organic EL element by 
adding a comparatively small amount of them to an electron injection region. 
[0061] 

As the reducing dopant having a work function of 2.9 eV or less, a combination 
of two or more kinds of these alkali metals is preferable, and particularly, a combination 
including Cs, for example, a combination of Cs and Na, Cs and K, Cs and Rb, or Cs, Na, 
and K is preferable. By including Cs in the combination, the reducing property can be 
efficiently shown, and it is attempted to improve brightness of light emission or increase 
a length of life in the organic EL element by the addition to the electron injection 
region. 
[0062] 

In the present invention, an electron injection layer formed of an insulator or a 
semiconductor may be further provided between the cathode and the organic layer. 
Accordingly, a leakage of a current can be efficiently prevented, and an electron 
injection property can be improved. As such an insulator, at least one metal compound 
selected from a group made of alkali metal chalcogenide, alkaline earth metal 
chalcogenide, a halide of alkali metal, and a halide of alkaline earth metal is preferably 
used. It is preferable that the electron injection layer is formed of these alkali metal 
chalcogenide or the like, because an electron injection property can be further improved. 
[0063] 

Specifically, as a preferred alkali metal chalcogenide, for example, Li20, LiO, 
Na2S, NaaSe, and NaO can be given, and as a preferred alkaline earth metal 
chalcogenide, for example, CaO, BaO, SrO, BeO, BaS, and CaSe can be given. In 
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addition, as a preferred halide of alkali metal, for example, LiF, NaF, KF, LiCl, KCl, 
NaCl, and the like can be given. In addition, as a preferred halide of alkaline earth 
metal, for example, a fluoride such as CaF?, BaF2, SrF2, MgF2, and BeF? or a halide 
except the fluoride can be given. 
[0064] 

As a semiconductor forming the electron injection layer, a combination of one 
kind or two or more kinds of an oxide, a nitride, an oxynitride, or the like including at 
least one element of Ba, Ca, Sr, Yb, Al, Ga, In, Li, Na, Cd, Mg, Si, Ta, Sb, and Zn, can 
be given. In addition, it is preferable that an inorganic compound forming the electron 
injection layer is a microcrystal or an amorphous insulating thin film. When the 
electron injection layer is formed with these insulating thin films, more uniform thin 
films are formed; accordingly, pixel defects such as dark spots or the like can be 
reduced. Note that the above-described alkali metal chalcogenide, alkali earth metal 
chalcogenide, halide of alkali metal, halide of alkaline earth metal, and the like can be 
given as such an inorganic compound. 
[0065] 

(7) Cathode 

As the cathode, metal having a low work function (4 eV or less), an alloy, an 
electroconductive compound, and a material making a mixture of them as an electrode 
substance are used. As a specific example of such an electrode substance, sodium, a 
sodium-potassium alloy, magnesium, lithium, a magnesium-silver alloy, 
aluminum/aluminum oxide, an aluminum-lithium alloy, indium, rare-earth metal, or the 
like can be given. The cathode can be manufactured by forming a thin film of these 
electrode substances by a method such as vapor deposition or sputtering. Here, in the 
case of extracting light, which is generated from the light emitting layer, from the 
cathode, it is preferable that a transmittance of the cathode with respect to light is set 
more than 10 %. In addition, a sheet resistance of the cathode is preferably several 
hundreds Q/O or less, and a film thickness is usually 10 nm ~ 1 \un, preferably 50 ~ 
200 nm. 
[0066] 

(8) Insulatmg Layer 

Since the electric field is applied to an ultrathin film in the organic EL element, 
pixel defects due to a leakage or a short circuit are easily generated. In order to 
prevent this, an insulating thin film layer is preferably inserted between a pair of 
electrodes. As a material used for the insulating layer, for example, aluminum oxide, 
lithium fluoride, lithium oxide, cesium fluoride, cesium oxide, magnesium oxide, 
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magnesium fluoride, calcium oxide, calcium fluoride, aluminum nitride, titanium oxide, 
silicon oxide, germanium oxide, silicon nitride, boron nitride, molybdenum oxide, 
ruthenium oxide, vanadium oxide, and the like can be given. A mixture thereof or a 
laminated material may also be used. 
[0067] 

(9) Manufacturing Example of Organic EL Element 

With the above-exemplified material and the method, an organic EL element 
can be manufactured by forming an anode, a light emitting layer, a hole transporting 
layer and/or an electron transporting layer as a charge transporting layer, and, if 
necessary, a hole injection layer, an electron injection layer, and the like, and further 
forming a cathode. In addition, an organic EL element can be manufactured with a 
reverse order of the above, from the cathode to the anode. 
[0068] 

Hereinafter, a manufacturing example of an organic EL element (see FIG. 1) 
having a structure in which an anode/ a hole transporting layer/ a light emitting layer/ an 
electron transporting layer/ a cathode are sequentially provided over a light transmitting 
substrate, is described. First, a thin film made of an anode material is formed over an 
appropriate light transmitting substrate 11 by a method such as vapor deposition or 
sputtering to have a film thickness of 1 (un or less, preferably in a range of 10 ~ 200 nm, 
and an anode 12 is manufactured. Next, a hole transporting layer 13 is provided over 
this anode 12. Although the hole transporting layer 13 can be formed by a method 
such as a vacuum vapor-deposition method, a spin coating method, a cast method, an 
LB method as described above, it is preferably formed by the vacuum vapor-deposition 
method, since an uniform film can be easily obtained, a pin hole is hardly generated, 
and the like. In the case of forming the hole transporting layer 13 by the vacuum 
vapor-deposition method, the vapor-deposition condition is different depending on a 
used compound (material of the hole transporting layer 13), or a crystal structure or a 
recombination structure of the aimed hole transporting layer 13; however, it is 
preferable to be generally and appropriately selected from a range of 50 ~ 450 °C of an 
evaporation source temperature, 10'^ ~ 10"^ torr of a degree of vacuum, 0.01 ~ 50 
nm/sec of a deposition rate, -50 ~ 300 "C of a substrate temperature, and 5 nm - 5 jim 
of a film thickness. 
[0069] 

Over this hole transporting layer 13, an inorganic compound layer 17 is formed 
with several nm ~ several tens nm. This inorganic compound layer 17 can be formed 
by various methods, which is specifically a vacuum vapor-deposition method, sputtering. 
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electron beam vapor deposition, and the like. In the case of forming the inorganic 
compound layer 17 by the vacuum vapor-deposition method, the vapor-deposition 
condition is different depending on a used compound (material of the hole transporting 
layer), or a crystal structure or a recombination structure of the aimed hole transporting 
layer 13; however, it is preferable to be generally and appropriately selected from a 
range of 500 ~ 1000 "C of an evaporation source temperature, 10"' ~ 10'^ torr of a 
degree of vacuum, 0.01 ~ 50 nm/sec of a deposition rate, -50 - 300 "C of a substrate 
temperature, and 1 nm - 20 nm of a film thickness. 
[0070] 

By successively repeating the formation of the hole transporting layer 13 and 
the inorganic compound layer 17 and laminating the hole transporting layers 13, an 
increase of a driving voltage can be suppressed, and a portion formed with the hole 
transporting layer 13 and the inorganic compound layer 17 can be thickened to several 
tens nm ~ several fjim. The lamination number of the hole transporting layers 13 is not 
particularly limited; however, it is preferably 2 ~ 10. 
[0071] 

Next, a light emitting layer 14 is provided over the hole transpwrting layer 13. 
The light emitting layer 14 can also be formed using a desired organic light emitting 
material by making a thinner film of the organic light emitting material by a method 
such as a vacuum vapor-deposition method, sputtering, a spin coating method, or a cast 
method; however, it is preferably formed by the vacuum vapor-deposition method, since 
an uniform film can be easily obtained, a pin hole is hardly generated, and the like. In 
the case of forming the light emitting layer 14 by the vacuum vapor-deposition method, 
although the vapor-deposition condition is different depending on a used compound, it 
can be generally selected from a condition range similar to that of the hole transporting 
layer 13. 
[0072] 

Next, an electron transporting layer 15 is provided over this light emitting layer 
14. It is preferable to be formed by the vacuum vapor-deposition method, for the need 
of obtaining a uniform film similar to that of the hole transporting layer 13 and the light 
emitting layer 14. The vapor-deposition condition can be selected from a similar 
condition range to that of the hole transporting layer 13 and the light emitting layer 14. 
Note that a structure in which the electron transporting layers 15 are laminated with the 
inorganic compound layer 17 interposed therebetween can be used, similar to that of the 
hole transporting layer 13. By laminating the electron transporting layers 15, a portion 
formed with the electron transporting layers 15 and the inorganic compound layer 17 
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can be thickened to several tens nm ~ several jjun. The lamination number of the 
electron transporting layers 15 is not particularly limited; however, it is preferably 2 ~ 

10. 

[0073] 

Last, a cathode 16 is laminated, and an organic EL element 1 can be obtained. 
The cathode 16 is formed of metal, and a vapor-deposition method or sputtering can be 
used. In order to protect the organic layer which is a base firom a damage in 
manufacturing a film, a vacuum vapor-deposition method is preferable. In the 
above-described manufacturing of the organic EL element 1, it is preferable to 
consistently manufacture from the anode to the cathode with one-time vacuum drawing. 
[0074] 

Note that a forming method of each layer of the organic EL element of the 
present invention is not particularly limited. For example, it can be formed by a 
known method of a conventionally known vacuum vapor-deposition method, a 
molecular beam epitaxy method (MBE method), a dipping method of a solution in 
which a solvent is dissolved, or a coating method such as a spin coating method, a 
casting method, a bar coat method, or a roller coating method. 
[0075] 

A thickness of each , organic layer of the organic EL element of the present 
invention is not particularly limited; however, in general, it is preferable to be normally 
in a range of several nm to 1 nm, since defects such as pin holes are easy to be 
generated when a film thickness is too thin, and when, on the other hand, a film 
thickness is too thick, a high application voltage is required and it becomes inefficient. 
Note than in the case of applying a direct voltage to the organic EL element, light 
emission can be observed when setting an anode to the polarity of + and setting a 
cathode to the polarity of -, and when a voltage of 5 ~ 40 V is applied. In addition, 
when applying a voltage with the opposite polarity, a current does not flow and light 
emission is not generated. Further, when an alternating voltage is applied, uniform 
light emission can be observed only when the anode is the polarity of + and the cathode 
is the polarity of -. A waveform of the applied alternating current may be arbitrary. 
[0076] 

[Embodiment] 

Hereinafter, embodiments of the present invention are explained in detail; 
however, the invention is not limited to these embodiments. Compounds used in the 
embodiments are shown below. 
[0077] 
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[Chemical Formula 7] 




[0078] 

Embodiment 1 

After performing ultrasonic cleaning of a glass substrate equipped with an ITO 
transparent electrode line (made by GEOMATEC Company Limited) with 25 mm x 75 
mm X 1.1 mm thickness in isopropyl alcohol for five minutes, a UV ozone cleaning was 
performed for thirty minutes. The glass substrate equipped with the transparent 
electrode line, after cleaning, was attached to a substrate holder of a vacuum 
vapor-deposition apparatus, and an N,N,N',N'-tetra(4-biphenyl)-diaminobiphenylene 
layer (hereinafter, referred to as a TBDB layer) having a fllm thickness of 60 nm was 
formed over a surface of a side formed with the transparent electrode line, to cover the 
transparent electrode. This film functions as a hole transporting layer. 
[0079] 

Subsequently to the film formation of the TBDB film, co-vapor deposition of 
molybdenum trioxide and cesium (Cs source: made by SAES Getter Company) with 10 
nm was performed over this TBDB film, by using a resistance heating board. A ratio 
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of vapor deposition was set at such a ratio that 0.1 nm of a film of cesium was formed 
whereas 10 nm of a film of molybdenimi trioxide was formed. This film functions as 
an inorganic compound layer. Over this, 60 nm of the TBDB layer was 
vapor-deposited in a similar maimer to the above manner. 
[0080] 

Next, a film of a host HI with a thickness of 40 nm was formed over this 
TBDB layer by vapor-deposition. At the same time, a dopant Dl was co-vapor 
deposited as a Ught emitting molecule. A vapor-deposition ratio at the time was set at 
HI: Dl = 20: 1 (weight ratio). This film functions as a light emitting layer. Further, 
a film of Alq having a thickness of 20 nm was formed by vapor-deposition. This 
functions as an electron transporting layer. After this, LJF of 1 nm was 
vapor-deposited as an insulating film. Lastly, metal Al was vapor-deposited with a 
film thickness of 150 nm, a metal cathode was formed, and an organic EL light emitting 
element was formed. 
[0081] 

Regarding this organic EL element, a driving voltage in emitting light with a 
brightness of 1,000 nit, and a half-life period when light emission is performed with an 
initial brightness (LO) of 1,000 nit were measured. In addition, after keeping this 
organic EL element at a temperature of 105 "C for 100 hours, it is returned to a room 
temperature, and the existence of a leakage of a current was examined. Note that the 
existence of a leakage of a current was performed by checking the existence of a 
leakage current by applying a voltage with an opposite polarity to a usual polarity. 
Specifically, the existence of a leakage current was assessed by applying a voltage of 5V 
with an opposite polarity. Measurement results of Embodiment 1, and Embodiment 2 
and Comparative Examples 1-3 described below are shown in Table 1. 
[0082] 



[Table 1] 





Driving Voltage 
{@1,000 nit) 


Half-Life Period 
(L0= 1,000 nit) 


Existence of Leakage 


Embodiment 1 


5.8 V 


1,500 h 


No leak element 


Comparative Example 1 


7.5 V 


1,400 h 


No leak element 


Embodiment 2 


6.3 V 


1,300 h 


No leak element 


Comparative Example 2 


7.8 V 


1,300 h 


No leak element 


Comparative Example 3 


6.6 V 


1,600 h 


Leak element 
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An organic EL element was formed in exactly a same manner as in 
Embodiment 1, except that the inorganic compound layer was not formed. This 
organic EL element was assessed in the same manner as in Embodiment L 
[0084] 

Embodiment 2 

Over a surface, which was a side where a transparent electrode line was formed, 
of a glass substrate equipped with an ITO transparent electrode line cleaned in the same 
manner as in Embodiment 1, a TBDB layer was formed with a film thickness of 60 nm 
to cover the transparent electrode. This film functions as a hole transporting layer. 
Over this, a film of HI with a thickness of 40 nm was formed by vapor-deposition. At 
the same time, a dopant Dl was co-vapor deposited as a light emitting molecule. The 
vapor-deposition was performed with a vapor-deposition ratio of HI: Dl = weight ratio 
20: 1. This film functions as a light emitting layer. Further, a film of Alq with a 
thickness of 20 nm was formed by vapor-deposition. This functions as an electron 
transporting layer. Subsequently to the film formation of the Alq film, co-vapor 
deposition of molybdenum trioxide and cesium fluoride with a thickness of 10 nm was 
performed over this Alq film, by using a resistance heating board. A ratio of 
vapor-deposition was set at such a ratio that 0.1 nm of a film of cesium fluoride was 
formed whereas 10 nm of a film of molybdenum trioxide was formed. This film 
functions as an inorganic compound layer. Further, a film of Alq with a thickness of 
20 nm was formed over the inorganic compound layer by vapor-deposition, an 
insulating layer and a metal cathode were formed in a same manner as in Embodiment 1, 
and an organic EL light emitting element was formed. This organic EL element was 
assessed in a same manner as in Embodiment 1. 
[0085] 

Comparative Example 2 

An organic EL element was formed in exactly the same manner as in 
Embodiment 2, except that the inorganic compound layer was not formed. This 
organic EL element was assessed in the same manner as in Embodiment 1. 
[0086] 

Comparative Example 3 

An organic EL element was formed in exactly the same manner as in 
Comparative Example 1, except that the number of the TBDB layers was set at one and 
the film thickness was. set at 60 nm. This organic EL element was assessed in the same 
manner as in Embodiment 1. 
[0087] 
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From the above-described measurement results, it could be confirmed that 
there was no difference in the half-life periods, regardless of the existence of the 
inorganic compound layer, however, that the driving voltage is reduced in the element in 
which the inorganic compound layer was formed, despite the layer thickness of the 
element was thick. On the other hand, when the existence of a leakage of an organic 
EL element is examined after keeping at a temperature of 105 "C for 100 hours, a 
leakage was generated in the element of Comparative Example 3, in which the hole 
transporting layer had been thinned. 
[0088] 

[Effect of the Invention] 

According to the present invention, an organic EL element can be provided, 
which can perform low voltage driving, though it has a thick film structure. 
[Brief Description of the Drawings] 

[FIG. 1] A cross-sectional view of an organic EL element of one embodiment mode of 
the present invention. 
[Explanation of Reference] 
1, 2 Organic EL element 

11 Substrate 

12 Anode 

13 Hole transporting layer (charge transporting layer) 

14 Light emitting layer 

15 Electron transporting layer (charge transporting layer) 

16 Cathode 

17 Inorganic Compound layer 
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